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Introduction

The Institute of Fluid Science (IFS) was originally founded in 1943 as
the Institute of High-Speed Mechanics and was reorganized in 1989
under Director Shinichi Kamiyama to form the present Institute of Flu-
id Science. In April 2025, Tohoku University launched its activities as
the Japan's first and only University for International Research Excel-
lence, and in line with this, various strategic organizational reforms and
personnel measures have been undertaken at the IFS as described
below. The IFS aims to promote world-leading research that integrates
advanced academic fields based on fundamental fluid science and
applies its outcomes to priority science and technology areas. Through
these activities, the Institute seeks to contribute to solving social issues
and to foster next-generation researchers and engineers of internation-
al standards. Fluid science is an academic discipline that elucidates
not only the flow of matter, but also the flows of heat, energy, and in-
formation from both macroscopic and microscopic perspectives. From
the macroscopic viewpoint, it treats the flows of gases and liquids as
continuum flows, while from the microscopic viewpoint, it addresses
the flows of molecules, atoms, and charged particles, thus covering
various phenomena in a wide range of spatial and temporal scales.
When linked to application fields, the research topics span keywords
such as energy and environment, aerospace and mechanical engineer-
ing, biomedical engineering, new devices, high-performance materials
and materials science, and fluid systems.

In October 2022, the IFS reorganized the former Innovative Energy
Research Center and established the Global Collaborative Research
and Education Center for Integrated Flow Science (IFS-GCORE). IFS-
GCORE proposes “Integrated Flow Science,” a new concept built on
a robust academic foundation in fluid science and encompassing the
resolution of social issues in diverse application domains. By integrat-
ing and strengthening the international activities previously conducted
by the International Research and Education Center and the accom-
plishments of the Lyon Center, which has achieved remarkable results
through organizational collaboration between Japan and France, the
IFS is promoting wide-ranging international collaborative research on
fluids and materials. With this reorganization, the scope of collaborative
research has been greatly expanded to cutting-edge fields such as car-
bon neutrality and advanced semiconductors, with the aim of contrib-
uting to the resolution of social challenges. In FY2024, the continued
enhancement of IFS-GCORE was approved, and its scale of activities
has been approximately doubled. As a result, the IFS now consists
of three research divisions—the Creative Flow Research Division, the
Complex Flow Research Division, and the Nanoscale Flow Research
Division—together with IFS-GCORE and the Lyon Center, comprising
31 research laboratories, as well as a technical office that supports all
practical operations related to research facilities.

Since 2010, the IFS has been accredited by the Ministry of Education,
Culture, Sports, Science and Technology (MEXT) of Japan as a Joint
Usage/Research Center for fluid science. In addition to joint research
projects independently conducted by each faculty member, the Insti-
tute supports more than 100 collaborative research projects annually
with domestic and overseas institutions under this program. To further
promote its diverse research activities, the IFS operates the Advanced
Fluid Information Research Center, which runs the Institute’s own su-

Institute of Fluid Science

Director Kaoru Maruta

percomputer, and the Advanced Flow Experimental Research Center,
which manages various wind tunnel and shock wave facilities.

By combining advanced numerical simulations, large-scale data analy-
sis, and state-of-the-art experiments, these centers provide strong sup-
port for the development of Integrated Flow Science. In 2015, the IFS
adopted “IFS VISION2030,” which sets the goal of becoming a “world
hub of fluid science” by 2030 through the utilization of global collabora-
tive research networks and aims to realize a safe, secure, and healthy
society as well as a comfortable and affluent society. As one of the
strategies for research outcomes and impact, the concept of research
clusters was introduced. Following a revision of this vision in 2021,
five clusters for solving social issues were defined: environment and
energy, nano and micro, health, welfare and medicine, and aerospace.
The IFS is actively working to apply its research accomplishments to
the resolution of social challenges through these clusters. As part of
these efforts, in FY2021 the JSPS Core-to-Core Program “International
research exchange hub on ammonia combustion and materials for
realization of a low-carbon society” was launched. In September 2022,
the IHI-Tohoku University Co-creation Research Center of Ammonia
Value Chain for Carbon Neutrality was established. Furthermore, from
October 2024, the HYCOMBS project—an international collaboration
for the utilization of fuel ammonia supported by CREATE, a national
funding agency in Singapore—was initiated together with Cambridge
University, CNRS and so forth as well as the National University of
Singapore and Nanyang Technological University. In April 2025, the
Office of International Research Strategy was newly established in IFS
to comprehensively oversee the research support activities previously
undertaken by the Research Support Office and the GCORE. Based
on the university-wide strategic promotion of research support, one
University Research Administrator (URA) has been newly appointed,
integrating functions related to the organization of international con-
ferences, various international exchange activities, collaboration with
university headquarters on international affairs, and strategic public
relations. By November 2025, two Distinguished Professors under the
International Research Excellence framework had taken up their posts
at the IFS, thereby strengthening the research activities in wide-ranging
fields with a particular focus on decarbonization.

Today’s social issues are becoming increasingly complex and
cross-cutting, and their resolution requires interdisciplinary collabora-
tion and international cooperation. Leveraging the distinctive character-
istics of Integrated Flow Science, which targets phenomena involving
transport of matter and energy as well as chemical reactions, the IFS
will continue to further advance both fundamental and applied research
in close collaboration with domestic and international partners. The In-
ternational Conference on Flow Dynamics (ICFD), which has been held
annually in Sendai since 2004, marked its 22nd edition in November
2025. A total of 868 participants, including 413 international partici-
pants from 29 countries, attended the conference, and it continues
to grow as an international networking platform for Integrated Flow
Science. We sincerely ask for your continued support, guidance, and
encouragement.

December 2025

Institute of Fluid Science, Tohoku University 2
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To promote the steady advancement of human society through the study of flows in time and space.

The mission of this institute is to establish new scientific theories, develop practical solutions to various problems faced
by society, and foster young researchers and engineers who can work at international standards, by promoting world-
class level basic research in Fluid Science and related interdisciplinary areas, and its application in priority science and
technological areas.
1) Promotion of world-class research
(D Carry out basic research in Fluid Science
@ Promote interdisciplinary collaboration with other advanced fields using basic research results
® Develop technological applications in priority science and technological areas
2) Establish new scientific theories and principles
3) Find solutions to issues facing mankind
4) Foster young researchers and engineers capable of working internationally

History

The Institute of Fluid Science has upheld “Research First” principle and the tradition of “Practice-Oriented Research and
Education” at Tohoku University since this institute's inauguration in 1943 as the Institute of High-Speed Mechanics,
and has pledged commitment to the formation of theories regarding flow, as well as applications thereof.

Institute of High-Speed Mechanics

Oct. 5, 1943 Inauguration as the Institute of High-Speed Mechanics at Tohoku Imperial University

Mar. 25, 1969  Completion of Building No.1

Apr. 1, 1979 Opening of Air-Flow Measurements Facility, establishment of Low-Turbulence Wind Tunnel
Apr. 1, 1988 Retiring of Air-Flow Measurements Facility, opening of Shock Wave Research Center

Institute of Fluid Science

May 29, 1989  Organizational change to the Institute of Fluid Science, which consists of twelve research divisions
and one attached research center

Nov. 13,1990 Completion of Supercomputer Center

Nov. 10, 1994  Completion of Building No.2

Apr. 9, 1998 Organizational change of the Institute of Fluid Science into four divisions with sixteen laboratories un-
der and one research center, i.e. Shock Wave Research Center

Sept. 3, 1999  Opening of Advanced Fluid Information Research Center for efficient utilization of supercomputer

Apr. 1, 2000 Establishment of Center Of Excellence (COE) formation program: “The Interdisciplinary Shock Wave
Research Center”

Apr. 1, 2003 Shock Wave Research Center reorganization leads to inauguration of Transdisciplinary Fluid Integra-
tion Research Center

Sept. 1, 2008  Establishment of 21stcentury COE program: “International COE of Flow Dynamics”

Jul. 1, 2008 Establishment of Global COE program: “World Center of Education and Research for Trans-Disciplinary
Flow Dynamics”

Apr. 1,2010 Commencement of Joint Usage/Research Center “Fluid Science Research Center”

Apr. 1,2013 Organizational change of the Institute of Fluid Science into three research divisions and one attached
research center with twenty-seven laboratories

Apr. 1, 2013 Establishment of “Advanced Flow Experiment Research Center”

Apr. 1, 2015 Opening of Fundamental Research of Advanced Vehicle Technology (KEIHIN)

May 13,2015 Establishment of “Global Collaborative Research and Education Center”

Apr. 1,2017 Opening of Aircraft Computational Science Center for promoting aviation industry in Japan

Apr. 1,2018 Opening of attached Lyon Center (LyC) for promoting international joint research with Université de Lyon

July 1, 2021 Start of Fundamental Research of Advanced Vehicle Technology (Hitachi Astemo) Il

Sept. 1,2022  Establishment of IHI X Tohoku University Co-creation Research Center of Ammonia Value Chain for
Carbon Neutrality

Oct. 1, 2022 Reorganization of attached Innovative Energy Research Center and Global Collaborative Research
and Education Center leads to attached Global Collaborative Research and Education Center for Inte-
grated Flow Science (IFS-GCORE).

Apr. 1, 2025 Establishment of Office of International Research Strategy

Institute of Fluid Science, Tohoku University 4
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Research Divisions and Research Centers
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The Institute of Fluid Science (IFS) consists of three research divisions and two attached research centers : Creative Flow
Research Division, Complex Flow Research Division, Nanoscale Flow Research Division, and attached Global Collaborative
Research and Education Center for Integrated Flow Science, and attached Lyon Center.

H 9t I9—DEE
Outline of Research Divisions and Research Centers
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[Creative Flow Research Division])

The Creative Flow Research Division was established to create and to apply novel functions in flows in fluid systems.
The development of fluid science and the creation of innovative engineering are pursued through elucidation of flows
and creation of novel functions in electromagnetic fluids, living body flows, and flows in aerospace conditions.
Creation of novel flow functions using an electromagnetic field

Development of next-generation intelligent fluid control devices and systems

Development of advanced medical devices based on measurement-integrated simulation

Clarification of flow dynamics in a living body

Innovation, safety, and manufacturing of aerospace systems

Creation of innovative thermal and fluids control systems for next generation spacecraft

Designing complex systems that harmonize people, nature, and science and technology

Institute of Fluid Science, Tohoku University 6
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[Complex Flow Research Division]

The Complex Flow Research Division was established to explore and to apply complex flow phenomena related to
various physical and chemical processes that constitute the foundation of fluid science. Development of fluid science
and the creation of innovative technologies are pursued through investigation of heat and mass transfers in complex
systems, cavitation, shock waves, turbulent flows and universal principles of heat and material flow phenomena, as
well as construction of mathematical models.

Spatiotemporal multi-scale heat and mass transfer in complicated systems

Clarification of complex flow with cavitation or boiling and advancement of fluid machinery systems

Study on elucidation of complex propagation phenomena in gas-liquid-solid three-phase and its interdisciplinary
application

Theoretical modeling for universal and specific complex flow phenomena

[/ FiEntRzLEsra]
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Nanoscale

[Nanoscale Flow Research Division]

The Nanoscale Flow Research Division was established to advance basic science and to explore new R&D areas
related to nano/microscale thermal and fluid phenomena and thermophysical properties. Creation of novel medical
technologies and development of innovative nanoscale thermal and fluid devices are pursued through the progress
and deepening of science, as well as investigation of mass-momentum-energy transfer mechanisms on scales of
electrons-molecules and new discoveries of nanoscale flow characteristics in living bodies and nano-devices.
Physical and transport phenomena in non-equilibrium gas flow and their applications

Nanoscale flow and interfacial phenomena governing macroscopic thermal and fluid properties

Physical mechanism of the quantum effect of fluid molecules on flow dynamics

Reactions, thermal flow dynamics of plasma flow and their application for medical engineering

Transport phenomena in large-scale composite systems governed by molecular physics and their applications
Elucidation of biomolecular nanoflow phenomena and their application to artificial molecular systems
Development of novel flow devices utilizing unique nanoscale flow interfacial phenomena
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[Global Collaborative Research and Education Center for Integrated Flow Science (IFS-GCORE)]

The Global Collaborative Research and Education Center for Integrated Flow Science (IFS-GCORE) will conduct
research on the academic foundation of integrated flow science for its deployment in diverse application fields, in-
cluding green nanotechnology and fuel ammonia. We will promote international joint research and education with
overseas centers in France, Singapore, Taiwan, Saudi Arabia, and the U.S., and aim to become an alliance-type in-
ternational base that creates social impact.

Advanced green nanodevices based on atomic layer control processes

Combustion phenomena in aerospace propulsion systems and energy apparatuses

Development of greater depth subsurface system for the resolution of environmental and energy issues
Development of advanced combustion technologies and reaction models for future carbon-free fuels
Development of integrated multiscale multiphase flow energy system

Theory and algorithm development for computational analysis of multiphysics problems in aeroscience

Chemical kinetics of fuels derived from renewable energy

Theoretical design of innovative batteries based on the analysis and control of nanoscale flow

Integrated flow science and technology to contribute to the solution of societal issues (Visitting Professor)
Advanced integrated flow science (Foreign Visitting Professor)

U tra—id 75 A- U3 KZ(INSA Lyon, Ecole Centrale de Lyon. 3 E—K5) ICHE & SFENETE L.
EEHEMRREHEL F T, FIC. MRRZERARZOMEATFICE TS IV KRZEOEERRICK  Re-R0 -
BAMEOEIRICETS 2 THEEZMn-#HELE T,

HRES AT LD S>> J EEHMICEE T BRI
BRAIETRANZ EMBRDITE DA IC KD FMRIRIE S AT LADERET
BN IILF AT —IULCH T D RE A F 37 ADFER

The Lyon Center (LyC) was established to promote international joint research activities which the IFS faculty mem-
bers and graduate students staying at Université de Lyon (INSA Lyon, Ecole Centrale de Lyon, Université Claude-Ber-
nard Lyon 1) carry out. Especially, we explore interdisciplinary science based on materials science and fluid science
to answer current social challenges in the fields of transportation, energy and engineering for health.

Intelligent sensing and evaluation of mechanical system

Design of smart materials and fluids system

Spatiotemporal multiscale clarification of flow dynamic

Institute of Fluid Science, Tohoku University 8
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Electromagnetic Functional Flow Dynamics Laboratory

B R B B
aER BE EF &
Professor Assistant Professor
Hidemasa Takana Yutaka Kaneko

ERARDB TR A FREIRTT 5 XA MRRA] 2R & U, BRS T TOEMAIBEEEL I D BRENFIE L2
HHERES I 1L —Ya  ERBRERAVTZANICHSPICT L EHIC. TRIVF— RIESHPHMFMAIR T O RICHTDEHN
BRI S — ADRIEZBIE L TMREHEL TOET,

The Electromagnetic Functional Flow Dynamics Laboratory conducts research on innovative applications of “ionic liquids”, “plasma flow”
and “Magneto-Rheological fluids”, especially focusing on energy and environmental fields and also material processing. This laboratory
pursues the creation of cutting-edge technology in the targeting fields through the understanding of their physico-chemical character-
istics associated with the complex fluid structure under electro-magnetic field by means of both numerical simulations and experiment

comprehensively.

174V RFEEAVIBEIRIVF—RITINA

1A VBEERETHVBD S GAF > ERAF > DHTH
BENDBIET KL Tl ICHE < ESDREFEFIENTVET,
T BRMESCERTHEI ELTFET SIS TEIRAM
BIEBFENTOERT . 7 FVREE EJEDPEO TENZ &
PERVBRIEEEEE L TVDIERED S BREEY RICAE.
FUF1T-RELUSAENTER Lice AMAETIE. A F >
BAEDHIEBRIEMELT. BR-EBREEER L cBR —EE
F v /N APFEREER LG EOFET RV F—F /N1 ADRFEP
A7 2V RFFHFEETEIC KD TR REREDBERIRDOBSEICEIL T
BEYI 2L -3 eRBROMAENSEE L TVET,

IARHEEBICEI D BRI RFE DB - MINOE R
Improvement of CO, absorption by ionic liquid electrospray

Advanced Applications of lonic Liquids in Energy and Environmental Fields

lonic liquids are unique liquids composed of only anion and cation
and show completely different characteristics from water or oil. The
melting point of ionic liquids is below room temperature and they are
often referred to as the room temperature molten salt. lonic liquids
have been applied to electrolyte for batteries, reaction solvent or
actuator because of their high electrical conductivity and ultra low

vapor pressure. In this laboratory, we focus on the development of
advanced energy devices with ionic liquids such as electro-double
layer capacitor or colloidal space propulsion. Furthermore, the ad-
vancement of CO, capture by ionic liquid electrospray is conducted
as an environmental application through experiment and numerical
computation.

BAIRIF—REFNRAZBEEU-BHEHEREDRFEEFIEEEL

AWMA T FREENDS DT XIF—ERICEDREANT R
F-0EoLZeEMNREREL. EBHAEERICKVREZRE
PICELCBA— LY HEER LU EBER ML BIEIEE 2 38
ICFFEL. TOMERFEZIML COERT. AREZRFEHIER

TRHZEILKV FRREADI XN F—2BR I I F—ICEHEL
DO HEEHS L EE ML Z—EICRDIEDFIREE R
ES

Development of Electromagnetic Energy Conversion Device for Advanced Utilization of Wind Energy

In this study, aiming at energy recovery from excessive wind energy
for advanced wind turbine, an innovative torque control device was
developed utilizing the Lorentz force induced by electro-magnetic
interaction in the liquid metal. This device enables to keep the con-
stant rotational speed or torque with converting excessive wind en-
ergy into electric energy.

BRLZRSE I XX —TREBCREHOEEHHN S LORBEE

The developed co-axial energy conversion device and its control characteristics of rotational speed with power

generation
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Innovative Cellulose Material Fabrication by Electrostatic Fibril Alignment

In recent years, cellulose nanofibrils (CNF) have attracted significant
attention as a novel biomass material. The fibrils are produced by
liberating wood fibers to their nano-scale building blocks and have
considerable potential to be applied to composite materials due to
their outstanding mechanical (high stiffness of the crystalline regions
~ 138 GPa) and thermal properties (low thermal expansion). To
fabricate a cellulose filament with high mechanical properties from

CNF, it is essential to enhance the CNF alignment in a cellulose
filament. In this research, we propose an innovative approach to
align the CNF in flow by AC electric field and clarify the fundamental
alignment characteristics by optical measurement. Furthermore, we
also fabricate multi-functional CNF filaments, such as conductive or
anti-bacterial CNF filaments by incorporating carbon nanotubes or
silver nano particles into the CNF matrix.

T/l O—Z BRI SR BISENINE 70— F+ RILE B O REMIR & LU FME
Flow channel with electrostatic fibril alignment for innovative CNF filament fabrication, the surface morphology, and mechanical properties

improvement of fabricated CNF filaments

F /NI ABREICKDBENEEXA D=

F/BIAMBEREICKIVERSNBDIEFH T AV 75
AXHICHIT B IR F—BFOERICKV VDG EDRIE
HFRER TRIRICERTHIEDTEDIED S IR
EPHH AR R EREBOONTVEY . AMHETIL FIC
T2 ABBHRED 2D DEBRMERE LT SR BE T ICHIT D%

A LD

[—ALRBETSAVRICEL TRISREET U > J 25,
BEI2L—2 3RS/ EEAT —IL TOEMREA AT
AN =VERBREREZHSNICT D EEBITEEBOEF G %
T2 TVWET. ESIC/NIRILF—DOFHREAICKDFE BFR
B E O RISRICE T AMA BT OTHIET.

Computation Simulation on Ignition Enhancement by Nano second Pulsed Discharge

Non-equilibrium plasma often generated by nano second pulsed
discharge is widely applied to combustion enhancement or envi-
ronmental purification using chemically reactive species produced
through high energy electron impact reactions in plasma. As a
fundamental research, we developed the numerical modeling of
air-methane premixed nano-second pulsed discharge and clarified

F/ISIVAFBHENUTIE (DBD)ICEBER TV HIVBE S ELVTIXTENEESN R

the radical production process in nano time scale with streamer
propagation. It has been clearly shown that the ignition delay is im-
proved by nano second pulsed discharge. Furthermore, researches
are also undergoing on flow control by nano second pulsed dis-
charge with local energy input to the flow.

Distribution of radicals generated by nano second dielectric barrier discharge (DBD) and the effect of nanosecond pulsed discharge on improvement of ignition delay

Institute of Fluid Science, Tohoku University 12
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Integrated Simulation Biomedical Engineering Laboratory

IR
fioAs f2—
Professor
Kenichi Funamoto

REBDRE FHRMOERICIT. EREEEOHFEEBORE ERZBEFRRBEROX DX LOHERADPBERTRTT . iz

BOMEAETIE. RFETIFEEBRE L TERTIECHRBENFERE LR EMRICRUMBA TOEY . £EARRNOM/NRIEZEGFHS
TBRY YA VORGET /N ATEFRERT v 7 | BRI CRERT /e U AREe S I 2L —avic k. - =meic
ZT DERRRIRICH T D EA4 OMBIOISE . #ifg— i e — B EEME OMEER. EMEROEALD X HZXLICDWTH
FLTWVWET,
For technical innovation of treatment and prevention for diseases, it is essential to elucidate mechanisms for homeostasis and in vivo
phenomena related to development and progression of the diseases. We perform interdisciplinary research based on fluid engineering,
integrating biomedical engineering and cell biology. Changes of an individual cell response, cell-cell and cell-extracellular matrix interac-
tions, and tissues are investigated by reproducing in vivo microenvironments with microfluidic devices “organ-on-chips” and measure-
ment-integrated simulation.

R A I O5ET N1 RC KB EFARIRIEDEBIR

AERROMRIE. BB IMTRIC LD DEMERRE  ALEMEIC ACZRBOSDORTEFIE L . EIRAVIREE SRR D AR
KN BRIHZBA L TUSELE T MROERLEE . 5 #NRROBAZHERT 5 7 ORET/N\A A[3-n-1 L5
L R EREREOHRIFICE D THERIRTHY . AY |FYTIZEELTOET. AF Y TIREFRNHNREICE T2
—FEND DEEEDIAE LIEBBICIEERBORECPRAL L AA— BREANOBRE. RSV IAT ) —Z2 IR EAFEOER &
DEBIERILET eBOMAETIE ERFRN T SRR LCOISAPIHFESNATOET.

Reproduction of in vivo Microenvironments Using Microfluidic Devices

Cells respond to mechanical stimuli caused by motion and blood oxygen tension and mechanical and chemical stimuli to cultured
flow and chemical stimuli by chemicals, and failures of such cellular cells. The chip contributes to elucidation of phenomena in /7 vivo
functions possibly result in diseases or damages. In order to repro- microenvironment, and is useful as a platform for drug discovery for
duce physiological and pathological /7 vivo microenvironments, we diseases.

develop “3-in-1 organ-on-a-chip” which simultaneously controls

3-in-1 AT v 7 (ER) EF 0 TRICH L N ER ORISR ER (2T ). BRFEOIRTHEDSMLFTTIHES 2T L (AE)
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Elucidation and Control of Cellular Responses to Hypoxic Stresses

An /n vivo oxygen tension is lower than the atmospheric one and
has spatial and temporal variations, affecting cell activity. In a tumor
microenvironment, heterogeneous oxygen concentration is observed
due to hyperproliferation of the cells and formation of immature
vascular network. Such temporal and spatial variations of oxygen

concentration activate migration of cancer cells and angiogenesis
by vascular endothelial cells, leading to cancer progression and
metastasis. We elucidate oxygen-dependent cellular dynamics and
characteristics, e.g., cancer cell migration and vascular endothelial
permeability, and investigate to control them.

EEETRI S EERTOMSIC XD MITHZEEN

L OMRFICAAIR B MR Z BEET HERGRERIL. BERR
HEDORBED/HICTR T NEBRRMBETT LERIEEAICHE
HUTEFRERSRIC K > TOEFRROMADEREZETAICK TR
ICIBEY 2 C ISR T . /o mMREDA—/A—2> 1 —4&
IC& o TSR E (REFRIFTE) R gEIC B o e & LTH RE

ICIFERBEBESRED RN TH B 7ch. AHFERO MG Z T2 ICH
BRI 5 EFRERICHEETY . AMKR T FHAICEEZ—&L
U7zEtAIRE S X 1 L —> a I &V ERA OB MR % #7
L. BEEREERT 5/7OOMAZTO>TVET,

Hemodynamic Analysis by Integration of Medical Measurement and Numerical Simulation

Accurate diagnosis of circulatory diseases is a critical issue to realize
a healthy society. Even a state-of-the-art medical equipment is not
sufficient to measure the complete information on hemodynamics.
The fastest supercomputer may perform an ultra-high speed com-
putation (real-time computation), but is inherently incapable to repro-

2R TBEREHAIR S MRARTS X7 LOBM 70— (LR) SHEELLYRTLAOTE (A TH). 3RTBEREHAME MRENICL 22 LAMICHAHOBROBIERRER

(BTH)

duce the real blood flows due to the lack of the exact computational
condition for the relevant flows. We are doing a research to realize
an advanced medical care by understanding complex hemodynam-
ics through measurement-integrated simulation of blood flows.

Institute of Fluid Science, Tohoku University 14

(@]
Q
o
Q
=
<
o
il
)
=




e Bl At 2R BB P

Creative Flow Research Division

EXRENTAFZTRX

Biomedical Flow Dynamics Laboratory

3
o

ET

B R HEBR FHEABIR BEBH
XH & Ecqizgi= B 1z Jing LIAO
Professor Associate Professor Specially Appointed Specially Appointed

Makoto Ohta Hitomi Anzai Associate Professor Assistant Professor

Hiroyuki Kosugekawa

ERREAA I AARFEF TIRROGBRICERZIL DI T /N ADRFEE . T/ N1 ADMREFHEIEDORL % BIE L /MR Z1T>T
WET, X IE BBIREDREAED—DIC. MERARR(MEDHHSERL TOWKFRPHIETH. MREFHTEDT/NAAD
FFE.ELTEDTNA ADMRETHH T 2HEDDHVET, COKDBMAFRREL. RIS CREERRECHY  ERETZFEOH
EMEICE>TI LD TRILET ARRSF T COKOIBETEE TOD 10 M DIc ERFOREERYFEOTOEET,

The focus of the biomedical flow dynamics laboratory is to develop new concept of implant especially based on flow and to establish
new methods for evaluating the implants. For example, when you treat a cerebral aneurysm with endovascular treatment, you should
know the effects of medical devices on controls of blood flow. The flow may depend on the geometry, materials and clinical conditions.
Since these are so big issues, we collaborate with biomaterial groups, biomechanical groups, and medical groups to gather their top
knowledge. This field is called as a life science, or biomedical engineering. The aim of this lab is to support and improve our social quality
of life by biomedical engineering.

TF4—F S5 =200 KB MREIRE A

BEIE. TERMICENL EREFE L. B5RE
BZRLTWZEEWAET. AKX MEA
AEIEME. MR MRE AT MNREDERT
INAAZERWTHIBLEYT. ZhETMERDGR
NBEMB /0. INETIHRER/ IEREMR
MFEERARR. O 1 — &2 & BV BIEREHE
(CFD) BT PfTHNTEE Lz, LA L. EHAIC
BIFZEMRRNB LMD =D DRIGED R
MR, CFDEMICE YT 2ROEGTERRDHERET
L7z, € Z CAME Tld. CFDEFICR DB A%
ELTTF =752 IHMaR. EERE
B SBEL /= MBERARICTH U CRNVBZ BRI
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1002Z2ZL TWEDICH L. T —T5—2>7
TN B TIRIEEEBS I EN T KIBREE
e OREMENI ITREE R £ L7,

KEIRFNDFARERIRIE
(£:CFD (L& BSNBHERITIER AT —T7—=2J LB FRARER)

Prediction of 3D Hemodynamics by Deep Learning Technique

A smart therapy has a good strategy with controlling human tissues
such as blood flow, blood, and artery. In this field, we try to develop
medical devices such as stent and evaluation using biomaterials or
computational simulations. Hemodynamics measurement and com-
putational fluid dynamics (CFD) have been performed under inva-
sive/non-invasive techniques. However, still it is challenging to obtain

15 ALK RARLTRRR

detailed flow field within a second by measurement nor CFD. Then,
we developed deep learning technique to predict 3D hemodynamics
on cardiovascular system. This deep learning network can allow to
obtain CFD-like results within a second, which needs 10 min in con-
ventional CFD.
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EROBEBE AT > haRPIROBHICREMICEEL. O
JE1—RYIal—23a aEdARIEICHRTIEUDTHRD
/ L&k L7z, TORRBISRAT 2MARZENT DREDDAT >
NIhBIEPDLDPUE LTz, ZOHEAIE Virtual Intracranial

Stent Challenge O7IC TERASN TE L.
The image below shows an integration of realistics stent data to re-

alistic patient data. Our team firstly succeeded to develop this meth-
od in the world. And provided this techniques to VISC (2006).
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BADRADEETF
BADRADET
MELRETEBONEREZBEICBIR TCZAHPVANAFE

T CT.MRIBERZIERE R &%  DERERZIFEE T
FRTEAEAHPH L ULT /N1 ADRRICHER . fstE
DHESTYA7OT—ITURBREPLHIFEINTOET,
PVA biomodel is available to use under medical image equipments
such as CT, MR, or ultrasound and to be used for development of
new medical treatment or devices. And so, PVA biomodel attracts
not only neuro-sugeon fields, but also micro-surgeon fields.

MEET T/ MEKTE PVA N FET IV

77143t IE-THWAZ—RILE PVA B ICEEL AR F % MRI TIREL:
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FRNCK L TEEABRRPMAINTE Y. ThICK > T M PREE R Xt OMaE. T —2 0P BVAREBRAT 2BER
A7y hOMRE. thDRERE TOEXE R CIRIDOMRE A OHATEDIZT TT. LH L RNOIERH. Bk, BAMDOHETH S [E
MIPIEREHATHDE WELICERG TRHY EEA. BRMIC. BRI OEHMRKOERICES AL DB HETE FIALED
ELTEE LU BE ERICMZEROBRIZ T AIAERET VIEABBICERSA TOEY . HiehMR 2L BAERKD
EEN-FEEOXSRBZMEPPHETE MRIBMMOEMIRRICHCATEEY . ZOKDICHESIE EHREORBE TEHBIRE
AR EAENCE D[R] OBBRERE, EOICFNICKDEHRN TER OBV IERMOREZBHR L TVET,

Governing equations for "flow" have been investigated, which should be able to explain the performance of transport equipments such
as ships and passenger airplanes, the performance of reusable rockets that re-enter the atmosphere for which there is little data, the
performance of transport aircraft on other planets, and even the formation of galaxies. However, it is still not easy to explain "turbulence"
and "transition," which are the nonlinear, dissipative, and random nature of flows. Historically, we have made great efforts to understand
and try to utilize this complex phenomenon. Currently, in the development of aircraft, for example, turbulence models are used for general
purposes. By utilizing new knowledge, we can expect to further improve the productivity and reliability of developed products, and the
knowledge can be applied to other complex phenomena. In this way, we aim to precisely understand "flow" based on deterministic gov-
erning equations, which are a typical example of complex phenomena, and further propose innovative and feasible engineering technolo-
gies based on it.

WASHTRERBE P HIERI TREC K DB ORRVLRNEITHIE

RAFDOZENFEDAETIE — RIS RBEOBHEIFICEDT  TOERT. INETICBERRITO/ZOBISEDSV AT LD
BEBTONELA, — A BIIFRFEREMSBS) & EBH)  BHESL L TETVEY. BER RBEENROEIEZ AT
ICEOTEBEZRISFNPEDZET KYERBAEZRICL §2ZETEERET N ADKLEICHRVBATHNET.

Aerodynamic Force and Flow Measurements Using Magnetic Suspension and Bal-
ance System and Ballistic Range Facilities

When measuring the aerodynamic characteristics of flying objects, we have also constructed a system with high-speed response for
the influence of mechanical support of the model is generally un- supersonic flight. Currently, we are also working on demonstrating
avoidable. On the other hand, the Magnetic Suspension and Bal- drag reduction devices such like distributed micro roughness (DMR)
ance System (MSBS) enables more accurate measurements by sus- by measuring the resistance value of a streamlined model shape.

pending the model in the air using electromagnetic force. To date,

FIR¥EE DMR ORI LEIBORELE AT HRRBELEEA VR
Investigation of the mechanism of low resistance of sandy rough surface DMR, etc. Demonstration test using magnetic suspension and balance equipment
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TAEESRREL TlE RANDBEIEY) . ZDZESMREEARE <
EHLTVWET, REREEDEID D BIIFDIEZRDREMEIC
KBEMTT D FIAIEIRICKVBRD SERNDER & BT
TBHIET BIUERERADIEDPTERT ZDKDICFLZBIE

ARG ECE R . RBAE L (BEICH > THEEPYE
FEEHH L O ANRROBBEEMORALEEEL T
EX®

Study and Control of Flow Mechanisms that will Revolutionize the Performance of

High-Speed Flying Vehicles and Jet Engines

Flows create vortices near the surface of transport equipments,
which greatly affect its aerodynamic performance. Approximately
half of the drag of large passenger aircraft is due to the viscosity of
the air, but it is possible to reduce this drag, for example, by delaying
the transition from laminar to turbulent flow with some ingenuity. In

this way, we aim to elucidate flow phenomena and put technologies
into practical use by making full use of large-parallel computation of
flow, and theories and experiments (sometimes in collaboration with
mathematicians and physicists).

AT S+ Mach 0.86 Re 1.75X 107 CRM-NLF TEEBBR4ENBREEPEBROREBLADIZEARANSODEREDEE
At cruise condition, Mach 0.86 Re 1.75X% 10’ CRM-NLF main wing Reproduction of the transition occurrence and identify
the basis from the governing equation that is the source of the transition

T—IELRE BEETIVENZETILOBEICL D RN FTRADZE L FAEEILICEET R

F—aEfLiE RBREZBIRT D KO0 ETIILEEOYEASM
PEREM RO DFIECTT THUCKY EREFTEDOEEDR
BHSEHONHOV FEIA N ZMADODOFTREELZR LS ED
CEDPTERT, BICKRORFERS TCRUDEZEAONKER

ARZEDTVET. T XA BRDERFEPT >0
EFIRENGE BT INCAEEEOSVRERO TR CFIEICER
TY.

Speeding Up and Improving the Accuracy of Flow Predictions by Combining Statistical and Dynamical Models, such as Data Assimilation

Data assimilation is a method for determining the initial and bound-
ary conditions of model computations to reproduce experimental
values. This compensates for the uncertainties in both experiments
and computations, and improves prediction accuracy while reducing
computation costs. It is particularly useful in actual development

sites and has attracted a great deal of attention. Data assimilation
is useful for predicting and controling phenomena with high model
uncertainty, such as typhoon path predictions and engine ignition
delays.

BRIDMICLIMEIEB SR, OEIEE TR T 2RI ORR P T —2ELICL B ERELRET VIBE

Technology development to predict aircraft shaking due to ‘clear-air turbulence’ fast and with high accuracy and unsteady turbulence model construction by data

assimilation tuning
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FEHEIE TS5 ETRED S FHEMR. HIRN\QFER ICHE UV TRABRARBRREICHI NS, FICORMAFEREE S AT LORFEIC
1& RREBRAROH - I EORADP AR TH D AR T BWEEE D F Y —Z AUV Z HIEEEFEOMFEPEIE(1000C
LLE) R{ER A & DIBRIREPS 2 5HAI T E B R MAETAIFROMA -BEZT > TVS. FEBRARE T TREMICES IV a3 %
TORERDFEEICIE. RONCZEN.ENDY Y —ATHEHEBOHAD FIREREATIE S AT ADPRAIRTH B, T TEAMAET
13 ZOBERICIEA BNRL | SEENXRES) BE A AN—ABRIEBHREXT /N AL L T—Tb— b 7 (LHP) P ERNRE £ — b
N 7 (OHP)EDOMERFE TV RERFERI Vv aVOERRICT LAV AN—%2b75Tex2BELTVS,

A spacecraft is exposed to various thermal-fluid environments from the time of launch to the period in space and return to the Earth.
Understanding of thermal and aerodynamic characteristics in re-entry to the atmosphere is essential especially in the development of the
next-generation space transportation systems. In this study, we study the methods to estimate the aerodynamic heating by using func-
tional molecule sensors, and study and develop thermal-fluid measurement technology which can be used to measure extreme environ-
ment fields with high temperatures (1000°C and higher) as well as cryogenic temperatures. For the next-generation spacecraft which is to
carry out missions over long periods under extreme thermal environments, it is essential that they have thermal control systems capable
of exhausting heat from the internal devices using the limited electricity and weight resources. This laboratory, therefore, tries to address
this demand and bring about a breakthrough in a realization of next-generation spacecraft missions through our research and develop-
ment of loop heat pipes (LHPs) and oscillating heat pipes (OHPs) as light-weight and space-saving/non-electric heat transport devices.

FHENREXRICRA T RO - ZEHNHIRR DORFA

FEEPREATUCRATZRIC. HECADMBERBE T  CFDEOMABICKIDEARADT —EN—ADBREEIET. &
DENNEARS. F/eBFR COBWARERRICERT 2. 81 BT NUAT (v I BREDBHRRITPHNTFFERIC L DR
ETIRRRZENZRWTRED D D EDMACEENICEEE  SERERET.

THETEZFAFEOMRZT D, £/BRFICEHRZZIT TR L.

Understanding of Aerodynamic Characteristics and Aerodynamic Heating Phenomenon

We focus on the aerodynamic heating phenomenon occurring in the capsule when it decelerates from there to supersonic and transonic
hypersonic region when a spacecraft enters the atmosphere of a speed.
planet, and the dynamic instability phenomenon related to the entry

BB ERRATEHDRAINEAEHE BERICEIBERIIHT IV OB IREIIR R DEERR
Aerodynamic heating of Hypersonic airplane Study of self-oscillation phenomenon of HAYABUSA capsule in transonic flow
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FEEANOBRZ B L 2 SUR—RRAGIE T /N A0
FRZITD. FICLHP OHP (ZERBE D D E Ve BB - A A
N—ARIEBNEEET /NA AE LTV —ADROEN TSR

FHREBRANOEHRZHEFSN TS REMICIXIN S ZHEHA
BOELEAEN BMRLERNTEERNE S AT LOREE
SEEE

Development of Thermal Control Devices and Innovative Thermal Systems for Next-generation Spacecraft

We will research and develop thermal control devices utilizing
gas-liquid two-phase flow (LHP, OHP, Mechanical Pump). Especial-
ly since LHP/OHP has no driving parts, expectations are high for
installation in deep space spacecraft with limited resources as light-

weight, space-saving non-electric thermal transport devices. Finally,
we will try to propose an electricity-saving, high-efficiency innovative
spacecraft thermal control system which combines these.

FHEEICS I HMBESR_ARHGE TN
Thermal problem for spacecraft and vapor-liquid two-phase
thermal control device

AR ZB I DBRECHIHMERIEED “FilF 1" ZFALILFHUVWEEY AT LORR-FHHE

RE KERTURERITIRE T HMZEH ( RATH/ A\V) ZWFE
FHEL TS, COFRTHRADPFHCERL TOWD DI ELT /I
ZHBRFICH S DB MR OFHRE S FORIISDILE. £ LT,
T DRAERORATOFIE (ROZEHRFE) Thd. o IR ET
H—XEEBAFLERTREEZE T 2mE3kmHaNEERTH

ICH T RATSRAE R & 520 L tH RIS SEBR 1T CZ DEIR ] B
ERYFECHD. COMEEBLT.AREE T HMOXEKICH
WCHIARIEER. AN ZFIB U IMZERIC K DH L VFEES R
7 Is(Planetary Locomotion) DiEZR% B9 .

Research and Development of New Exploration Systems Utilizing the “Fluid-Dynamic Forces” on Planets with Atmosphere such as Airplane

At present, we conduct research and development of Mars aircraft
(airplane & helicopter) to explore while flying through the atmosphere
of Mars. A special focus of this study is to develop a super-high
performance airfoil in low Reynolds number region and understand
its flow field, as well as control of fluid and flight (e.g. unfolding of
the wings in the air). We also plan to conduct flight demonstrations

at high altitude atmosphere around 35 km on earth, which has an
equivalent flight environment as Mars, to show its feasibility ahead of
the world. We will try to propose a new exploration system (Planetary
Locomotion) which utilizes the fluid-dynamic forces such as the air-
plane for other planets with the atmosphere through this research.

KEREMEHEICET M7
Study of Mars airplane
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BABET YA UMEASB TR WgEREZED L. BRERRDZFEN- £ BR) ZEF BE L AP S5 BESODRLPHET

ZERRRBHRZRLIEZBELTOET, FEROF THRICHEASERERICERA L. BADP DOKVHLEDLEBIEZED
TO[ RPN EBRETHIET HBEROHE - TR R ErRRET DA FEREHIULLET, T EROEBEDALDHICMEZE
BHAEERT BIODTHA U FEDERERETVET,
Our group aims to build a sustainable society in which different existence of beings (people, organisms, and nature) can coexist with
each other, utilizing local resources and understanding and respecting others. We focus on geothermal resources in particular among re-
gional resources and establish methodologies that enable us to estimate, predict, and design the geothermal resources by understanding
the "structures" and the "flows" therein. We will also develop theories to realize co-design and co-creation, in which people with different
backgrounds work together to create new values.

EEIRDEHAIT — 9 [CE D <HE-FRl 5T FEDMRE

WHERSHIHM TOHKPEIZELETH . RVIBE  HELOEOLNSIBEREKICHDED T —XICER L. HIERZE -
TULEDEBREDNTG Y ADBEN ENPKEN TP OTCLE  HIREEER L7 70-FP3D 7> X &FA L BEsE
WET, 2T HABLAEKEBOHTICRL. MTORTED.  HRBHERREDT7 7O0—F T HLBREROETE T8 %5t
FEET D EV ORI BKDBREZED P TENE FEERELTOET.

FHEMICZ Ot Z AL TOK ZEDTEERY . ARETI

Development of Estimation, Prediction, and Design Methods from Measurable Data of Geothermal Resources

Geothermal resources refer to hot water and steam a few kilometers
below the ground, but if too much is taken, the balance with nature
will be lost and the pressure and water volume in underground will
drop. Therefore, if we can create an active water cycle where the
used water is returned to the ground again, heated by the under-
ground heat, and produced again, we can use the area sustainably.
Our group develops new methods for the estimation, prediction,
and design of geothermal resources by focusing on data related to
transport phenomena obtained from wells and utilizing approaches
based on mathematical and information science and structure-con-
trolled flow experiments.

HEBAZEIC 1T BREENA R TT (BE) DERE
Design of reinjection for geothermal development

ER R NT— I EFILDTHA 3D T THIRISh =TI Y TIVAD CT Ef& BEiESI2L—al LB N DIER
Design of 3D fracture network 3D printing sample CT scan image Simulation result of flow
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Evaluation of Flow Characteristics in Complex Structures Using Topological Data Analysis

Topological data analysis is based on a field in mathematics called
topology that focuses on connectivity, which can extract relevant
geometric information from large volumes of complex data that
would be difficult to find using simple pattern matching, and to
estimate the amount of features. We develop methods to analyze

IN=DRFUNREAY—IC LR IREE DRI
Schematic image of topological features captured by persist homology

complex structural data, including fracture network structures in
rocks, and to estimate, for example, flow properties from geometric
features. Our goal is to extract essential information from complex
objects rather than to express the complexity in complex ways.

N=2 27 ARCSLBERIBEDTEEL
Quantification of rock structures using persistence diagram

R RRE g & OERIC KB HA (JORRY R —

HEERLEOHRBER(DE X)) OFERICEAL T 2%
BERVHERHEH ODEHBRAT — IR ABLETRREDNIL
U HICHBOW K ARICESBRVGEDH U ET. —FH. S \ﬁ
E%E&é: Q"tgaéﬁo)&wéﬁﬂ) & 7aAR) x—>
EFENEAPHEBICEOTHLWT AT« 7’(”%'Ji%515’17§%§
BabHleo U AR EERICEMLUE T AMAETIE

2av)DEFUVT

RLEZDODORALD. ThEThIHBOBMZED 5DV ED S H
BV ERDEMERFERDPSOREICH L. ﬁﬁ%i&;’:ﬂb’(
WSTAARY x—> 3> & RHT- RERE - il & OEH(IC
TR L TV ET RIS HAIOIE. %ﬁt&ﬁﬁ'ﬂEE”L/\
OEBEBELET.

Modeling Regional Co-Design/Co-Creation through Collaboration with Different Fields, Industries, and Regions

With regard to the use of common resources such as geothermal
resources, diverse stakeholders with different backgrounds and
awareness of issues may disagree and fail to reach a satisfactory
agreement. On the other hand, cross-pollination, which is an interac-
tion with people from different fields or different industries, can bring

EHFH - RER - BEDOMEDS
Dialogue among different fields, industries, and regions

new ideas and stimulating experiences to individuals and organiza-
tions, contributing to sustainable growth and development. We aim
to understand “cross-poliination” through collaboration with different
fields, industries, and regions and to promote effective regional
co-design/co-creation for the creation of new values.

BREE Argument

ZEPIIRTE BEBNROIRTE

aisb cisb ﬁ:ﬁ;ﬁﬁ}* Passive \nqulry Active inquiry
Y Problem solving
cisa A

FEZ O,
Means
RS Dicisign PIRERE =
Problem setting

25522 Rheme BRLCH

Feel/lSense

fREZ

Ethics

a

HFEIN-ZOREE - fRIEF - FPIOXFIEFHVRBERROEE

Organizing problem-solving based on Peirce's distinction between logic, ethics,

and aesthetics
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BEIEZRETHAIZCEDOTELRVR- PEBRIRKRZ L —T & FE > T IHRIL” L. ARAPEENRIEE VOV o ERIRIE T ICH

F3E-PEFERFEMEL TCOET. XOFHFEMAL2FTEEEWTEINZEMEAVTC. Y T7I/0VEETREI2EBXRgEZS
BEICARILTES VAT LZRELTVET, UBS T METEEAT S ZET. EREOEV RN ZHELL. SURRE CTOH
ARIGEFRX® & > N7 EDIEEBILEIS. R/ 3HE- FiRL EOREMRKREV O ZH- PEEXRRZTRILL TOET, HETE
-T2 JIC835 T/ Ar—IVOEREARETASD. COSBERRILS AT LZEI>TFY LI LTVWET. IS Eo 7
BT MR ERXBEEEENICFHEL .. S SICIF TN SEXRR R ZRBIICHIHET ZEMAREEDTVET,
Precise and active controls of heat and mass transfer under extreme conditions such as micro/nano scale and microgravity environments
are important for future engineering science and technology. This laboratory has been conducting research on the fundamentals of micro/
nano scale heat and mass transfer controls using advanced optical systems such as a laser interferometry and ellipsometry, and applying
them to the several engineering systems such as low emission energy system, advanced heat transfer enhancement system, measure-
ment system of precursor film thickness, and mass transfer control system for pure protein crystallization.

FEMHSEFTEEICLSEMRA- VEEXDFHEEAIRE

TEROAZF S ZLRFIBLEFImMMEALTOYo0  UBES JOBNEEROFITREDOSBERR/LICHIILE L
R ZBBEICAIFLTES AT LERELTCVET. B> foo INBDI AT LZED T EMRICHE T D E- MEDOEEB
7 M EMEEAYT DI ET HERBBISPRARFRE COAAR  E2EEWNICEHAT 2R EED TNHET,

Precise Visualization of Complex Heat and Mass Transport Phenomena by Interferometry
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A precise measurement system of heat and mass transport phe- field, gas absorption process at gas-liquid interface and precursor
nomena in sub-micron scale is developed by using an optical sys- film dynamics at the edge of small droplet. Quantitative evaluation of
tem. By applying the phase-shifting technique to the conventional in- mass transport phenomena in complex system has been studied.

terferometer, we have successfully visualized transient mass diffusion

AR IhFSET
Phase-shifting interferometer - .
SURSRE TDH XYL 2L INTEDHILEIRR
Gas absorption at gas-liquid interface Transient diffusion field of protein

EARBED BN S DHTE AR DE
Distinction of the shape pf droplet due to substrate FEITEEDRR{E
MBS TRIYT I A—4 Visualization of precursor film
Phase-shifting ellipsometer
MRS TR AV S RBERIRIES 2T
Precise visualization systems assisted by phase-shifting technique
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Study on the Measurement of Transient Heat and Mass Transfer Phenomena Using High-Speed Phase-Shifting Interferometer and Their Applications

Transient heat and mass transfer phenomena in the vicinity of phase sition, adsorption, and dissolution. In our laboratory, carbon dioxide
interfaces are visualized by a high-speed camera and optical inter- absorption in ionic liquids, desalination using gas hydrates, and the
ferometers, aiming to elucidate the characteristics of transport phe- dissolution of substances in supercritical carbon dioxide have been
nomena and thermal properties involved in crystallization/decompo- studied.

BRI LR REPICH I IHEXIBROARE
Visualization of heat transfer phenomenon in carbon dioxide under supercritical
condition

SRR TN FSE

High-speed phase-shifting interferometer

KRBT 55T 2 AV CRENSICH T D E - E XD FHM

YI7I/OYF—L—DOR-PERMEIRRZHLT R0 E BEHERL.(CERE SIEICHIT 2R EED TOET. AND
ERUREZEO T BRI LA PEEXRR THLART  EREHRT HORETHT28EL. BRICKDH - WHEmE
ROERBBRZP—HAPICHR SN2 RERRE RERR HWEOHBHEEREL TVLET.

Evaluation of Convective Heat and Mass Transfer Using Large-Scale Interferometer

High temporal visualization system for transient heat and mass of substances are evaluated by measurement of transient heat and
transfer phenomena in milliseconds or less are developed by apply- mass transfer phenomena. In our laboratory, gas hydrate decompo-
ing our special prism and a high-speed camera to the interferometer. sition and dissolution phenomena of organic substances in super-
Appling this system, the decomposition and dissolution phenomena critical fluid have been studied.

BN R EIRREDERY / BUBREE PRI
Experimental/numerical visualizations of thermal boundary layer of natural convection

KEFHETIER
Exterior of large-scale interferometer

AEVF ST X T LERRALA]
Measurement system of large-scale interferometer and visualization examples
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LARDBF TR FrET—2arPBESH5 I TR TEMIR_MARDIRKOBAL . TNICEET ZREEM S AT LOBEL
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In this laboratory, complex gas-liquid mixture flow phenomena, especially cavitation and boiling, are studied using supercomputing and
experiments. Additionally, the advancement of fluid machinery systems with the mixture flows is investigated.

REOT VS —

BAEOTY NIV OR—RA TAQILHBDA > T 21—
EFENDERAR Y TTIE FrET— 3 D FARERKREME(L
NBIRENMBEDPRET D EPHVET, ZHUE. FrvET—>3
DH—IRMERF v ET—>a > SR EN. HEERRE DRRENP.
EIERFERIER D ERED . R > THEEDE T 25| &I L. 5ICiEE
BRICBEABHORREL S /HHRESNTVET, FFICBREER

RNV TICRETDFrET—VaVTRERR

EEIF v ET—>a Vg BEORY T THRET BIERTRE L
BHFEEILET 507y MR THEOTRERR T HEX
NZALDBREINTE ST ARREKROVRRTY . AMAFKETIL

ZDF v ET = 3> ANRERKROIRIIFED TR 08 - H 5
EDOFRFEREANZXLOBRRLEEZITOTNET,

Cavitation Instabilities in Liquid Propellant Turbopump

In an axial-flow pump which is called inducer in liquid-propellant
rocket turbopump, undesirable oscillation phenomenon is caused
by cavitation. It is called cavitation instabilities; rotating cavitation
causes asynchronous axial vibration of the turbopump and cavita-
tion surge brings pulsation
of working fluid. When the
cavitation instabilities occur
in the inducer, efficiency of

the turbopump declines and launch failure of the rocket was rarely
reported. Especially, super-synchronous rotating cavitation has op-
posite characteristics of propagation direction to the general rotating
instabilities in any other rotating machinery. The occurrence mech-
anism has not been clarified, so that, it is very interesting phenom-
enon. In this laboratory, prediction of the oscillation characteristics,
development of new control/suppression technique and clarification
of occurrence mechanism are attempted.

BRIEAERFvET—3>
Super-synchronous rotating cavitat

25  EILKE RERIZWRA

1T 21— HICRETIBFBBTET V3>
Tip leakage vortex cavitation in inducer
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It is known that the volume of cavitation is suppressed due to de-
crease of temperature associated with latent heat of evaporation in
liquid hydrogen and oxygen which are propellants of liquid rocket.
But the actual degree of suppression of cavity volume cannot be
predicted, then the suppression effect is not utilized in the design
of the present rocket pumps. In this laboratory, in order to clarify

RS EFWebd 1 ~

EOHNZHMFNREET BmmKOFrET—> 3 VRERIC
BIFBF ¥ ET RELREOSIRERAC. B ICRIFE L /25
EFNERVWERERF ¥ ET —> 3 > OBERFICETHER
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the thermodynamic suppression effect, high-accuracy temperature
measurement inside the cavity is done in hot water tunnel experi-
ment in which the thermodynamic effect is same degree with that in
the propellant and estimation of turbulent heat transfer is done in nu-
merical simulation of cryogenic cavitation by using in-house thermal
model.

ERKFYET a2 RIVEERERfEE NACAOO15 B Eh DX vET—>a> D48 (140°C)
Hot water cavitation tunnel facility and the aspects of cavitation around NACA0015 hydrofoil (140°C)

SB—HRTHDFvET—2 3 VBB TIE [URFTETD
BB CHDOFEFE BHRD  ANBICKEBHFEBESAET . .
EABEE_E DAL BSURIZBRIEIE TR L PR DE
WTH-PEORNIEALE T AMAETIE. O KO LFRE
ZE U7e BmAIR R OB D720 12, BIRVERIRE D W OB E)

In cavitation or boiling flow, phase change such as evaporation and
condensation occurs with heat transfer through a liquid-vapor inter-
face. Additionally, thermal interaction between the two-phase fluid
and the solid wall is affected by material properties and wettability.
In this laboratory, to understand thermo-fluid phenomena through

VORISR EE B AR ROBIES 2L —2a>
Numerical simulation of nucleate boiling with microlayer evaporation

e TN ZFMLUICABRROMES I 2L —> 3> B-R
BBOY T —IUARERLEEZTOTEVET, HICInD
DOEENXEBOZENER L TORMRASA S AT AANOERZ
gL THEVET,

the interface, the analysis of the evaporation process around moving
contact line, numerical simulation of boiling phenomena, and exper-
iment of subcooled boiling in high-speed flow field are being con-
ducted. We aim to contribute to the next-generation cooling system
through the sophistication of these thermal transport mechanisms.

ERRENISTRDOIEET YT TVl
Unsteady subcooled boiling flow in high-speed flow field
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Complex Shock Wave Laboratory
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Concurrent Professor Concurrent Specially
Hiroki Nagai Appointed Associate
Professor

Kiyonobu Ohtani
BFERARIMEFEZIG COMB LR, ER. hRME KL BITFICEADY . EELMERETY BHEREMRASBF TR ER
B=MHOLTEAATEET 2EMLERREHOEMREOBRALE LOEOFEEABIC OV THEZITO>TVET.
Shock wave phenomena associated with various research field such as aerospace engineering, material engineering, medical and bio-
medical engineering, and geophysics, is significant problem. The complex shock wave laboratory investigates complex propagation phe-
nomena of shock wave in gas-liquid-solid three-phase for understanding a fundamental mechanism and its interdisciplinary application.

EFAICB T BERRIGHEEB)DRER
AT BT KR OB S SOWERRER D8
RIERHERCRIC B\ CEELRRRE CH 5, ARE T
EHHICHV BER R CEER/ T X — K CHBEEA V-
4> A RAEOERE EEROR) (CHE L. BBV E— 4> A%

EFRLUICERREDE RO /CET VEBRTERADERK DR
B FSER RN BINRSECUIERICOBRD S RERE
DREZERT DI ETHBRICKDERBEOERAERZITU.
ZOERELTZOMESEOHLEBELET.

Study on Shock Wave Propagation Phenomena for Human Body Tissue Protection

Shock wave propagation in water similar to material for forming tis-
sue of living and expansion wave phenomena are an important area
of research for shock wave medical and biomedical application. We
focus on acoustic impedance value, obtained for the product of the
density and sound speed in substance, investigates to shock wave
propagation and interaction phenomena in simulated biological

FEAE-FREEBUEMERM R OB IR EEE

model in consideration of acoustic impedance for understanding of
shock wave tissue damage mechanism. We aim establishment of
human body tissue protection method from shock wave by using
the obtained knowledge about shock wave propagation phenome-
na such as local elevation of pressure and negative-pressure region
related to cavitation bubble generation.

Shock wave propagation phenomena in simulated biological model in consideration of acoustic impedance
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Shock wave pressure caused by explosions and other phenomena
can cause extensive damage to the human body and structures
such as buildings, and is an important research topic in the fields of
shock wave medicine, architecture, and civil engineering. This re-
search aims to establish a new shock wave attenuation method by

B2 EDFHICLBERRENER (2 KREH. A SEHREE)
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experimentally and numerically analyzing the mechanism by which
shock wave interaction with solid-gas-liquid multiphase media such
as water droplets, multilayer wire gauze, porous media, and combi-
nations of these media reduces the shock wave power and pressure
through the effects of resistance and heat transfer.

Shock wave pressure attenuation by interfacing with various media (left: water droplets, right: multilayer wire gauze)

BERREEROY Zv 77— MEBIRMCKERER D 7L
FRFEEFICED2BEREARITHEDOZINZRREME. HAERLES
BR EHEERY) ORNBICOVTHRERITREZ AL\ cBERA

We investigate experimentally aerodynamic properties for superson-
ic free-flight model, its generated shock wave and flow fields regard-
ing development of the silent supersonic transport and Mars entry

NEXFERRAPOBEREHERITT 25T IR
Supersonic free-flight of capsule model in CO, gas

HARITRER CHAZED TVET . KB4 RREDBER
BB & T OEMR . EERIFHM D /2D OF /2B EHRAIEAM DR
HROMJBATNET.

capsule by using ballistic range. And we focus on a development of
supersonic launching method for various complex shaped models
and their quantitative and qualitative new measurement.

HAe LR ER OERS KRR (BERAARTTDUTRE)
Development of new supersonic model launching method (Supersonic free-
flight ring shaped model)
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Flow phenomena are ubiquitous in many areas ranging from biological to astronomical scale and in many applications including aero-
space engineering, environmental studies and energy technologies of next generation. Thanks to the rapid growth of computational
power, computer simulation of flow phenomena has acquired a wide range of application. There are increasing needs for highly accurate
simulation as well as novel methods for obtaining useful knowledge from huge data. In our laboratory, we are studying flow phenomena
by numerical simulation. New methods for numerical simulation and their application are developed. We are also doing theoretical studies
of fluid dynamics by mathematical approach.

EHRERROXRRMEY =21 U—YaVilR

RARZOERNLEED SICHANGHER TRIAS EHR BICEARZROET HEMRBRR & VEE THITL . ELAD
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Direct Numerical Simulation of Complex Flow Phenomena

We study complex flow phenomena by direct numerical simulation. numerical methods in order to understand the statistical properties
In particular turbulent flows are investigated using highly-accurate of turbulence and develop accurate turbulence models.

ERBRROEIES 2L~ 2l
Direct numerical simulation of turbulent flows
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Development of Highly-Accurate Method for Numerical Simulation of Complex Flow Phenomena

The flows in nature and engineering often involve complex bodies flow phenomena. Using the methods we also perform realistic direct
which move and/or deform in the flow regions. We develop numeri- numerical simulation of various flow phenomena.
cal methods for highly-accurate numerical simulation of the complex

Mo14 x31dwod

Penalization &IC L3 E I aL—> 3>
Numerical simulation by Penalization method

BDT A FZTAELIBREHZE
THRRORAD DI BEDORRIEBLARERALE  (COVTHELTOET, £/ HAERFREORRICHL T,

T BOBNHFEDISH O BEEDO DR S5t - ERMZE  BERNAMRFEORE TRIEEELRUEEHDET . BOEMA
RIDILEBREL. CETEMBBEOHE LA T ITA  EPENEREOHENFEZICAT HMAETOTVET.

Vortex Dynamics and Applied Mathematical Fluid Dynamics

It is important to understand the vortex dynamics in investigating vortex dynamics. Fundamental and general methods are important
flow phenomena. The fundamental properties and the dynamics of in the research of fluid science. Various tools in mathematical phys-
various vortical structures are studied. Our goal is to reveal the char- ics, especially in differential geometry, functional analysis, dynamical
acteristics, universality of the vortical structures from the viewpoint of system etc. are developed and applied for fluid science.

BOHBRALEMEDEHREBDARE(LER
Theory of curvature instability and destabilized vortex
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Analysis of thermal and fluid phenomena based on the molecular dynamics theory leads to understanding of fundamental mechanism of
the phenomena, and ultimately, to the design of thermal and fluid phenomena that are needed in the cutting-edge area in modern tech-
nologies. Also the molecular-scale analysis is effective for thermofluid phenomena in extreme conditions in which macroscopic models
such as thermophysical properties and the concept of interface are no longer valid. In the application field, micro/nanofluidics is now ex-
panding rapidly especially for the field of biotechnology, which is based on the micro/nanoscale thermal and fluid engineering supported
by the recent progress of the MEMS/NEMS technologies. Realization of the mechanism of nanoscale thermal and mass transport in living
body in biomimetic fluid machines is one of the most promising fields in the area of micro/nanofluidics.

The molecular heat transfer laboratory is engaged in the research to analyze micro/nanoscale thermal and fluid phenomena, from the
molecular scale to the MEMS/NEMS scale, and pursue the application of it.
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Study on Fluid Structure and Transport Characteristics of Energy and Momentum

Fluids, especially liquids, contain various structures of which dy-
namic characteristics governs transport phenomena in liquids, i.e.,
transport of mass, momentum and thermal energy. Analysis of liquid
structures and their transport characteristics gives a thorough an-
swers for some questions such as why the liquid have its magnitude
of thermophysical properties and how the molecular structure should

Molecular-scale heat path in liquid ethylene glycol

RIEKZ SRR LIRS

be to realize a liquid having desired thermophysical properties. An-
other point of this study is heterogeneous structures such as bilayer
of lipid molecules organized in water (model for cell membranes of
living body). Anisotropic transport phenomena that arise in such
heterogeneous structures are analyzed as a basic study for novel
materials of nanoscale thermal and mass transport devices.

Lipid bilayer membrane in water
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Heat and Mass Transfer Characteristics at Solid-Liquid Interfaces

Heat and mass transfer at interfaces where solids and liquids con-
tact governs overall characteristics of nano-structured systems
such as NEMS and porous materials. The phenomena are utilized
in nano-fabrication process such as the wet process for semicon-
ductor devices. Molecular dynamics simulation analyzes anomalous

IPA (alcohol) molecule in liquid water on a SiO,

solid surface

structures in liquids in the vicinity of solid surfaces produced under
the influences of solid surfaces and intermolecular energy transfer
between solid and liquid molecules, which clarifies mechanism of the
phenomena. Basic studies to seek molecules and nanostructures
which exhibit required interface characteristics are also performed.

Liquid water-solid platinum
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Design of Novel Thermal Fluids Based on the Thermal Energy Transfer Data of Liquid Molecules

Thermal fluids, which flow and transport thermal energy in devices,
are playing a major role for highly efficient usage of thermal energy
in sophisticated thermal devices. The aim of this study is to know
the structure of molecules for thermal fluids which are optimized for
specific conditions and give the best performance. This is accom-
plished based on the data concerning thermal energy transport in

RE 2N

fluids, which are obtained by analyses of mechanical energy transfer
due to dynamic motions of molecules and functional groups in mol-
ecules. Our goal is to establish the design approach of thermal and
flow characteristics for fluids, just like solid materials that has been
established in these days.

Fh/— Itk
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In the flow phenomena of fluid, it is often seen that the “chemical reaction” which occurs at the atomic/molecular scale affects much on
the macroscopic “diffusion phenomena” of fluids. Moreover, very light atoms, such as hydrogen, cannot be regarded as a mass point
and its effect sometimes appears at the phase diagram of this substance. When we analyze the mechanism by which the characteristics
appears or behaviors of nanoscale flow systems which consists of such substances, it is necessary to analyze them by the method in
which the “quantum effect” of the substances is considered because the conventional molecular dynamics method cannot treat such
characteristics accurately. This laboratory treats the system in which the quantum effect of such fluid affects on the flow phenomena, and
conducts research on clarification of its physical mechanism by various methods with considering the quantum effect and its application
for engineering aspects.

MADEFENFTRITEICSZIIREICRHT B8 F -0 FENZENIRA
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Quantum/Molecular Dynamics Studies of the Effect of Quantum Characteristics of Fluids on Its Flow Characteristics

Hydrogen molecule has a light mass compared with conventional
diatomic molecules such as nitrogen or oxygen, and therefore the
position of hydrogen molecule cannot be determined by uncertain-
ty principle. Due to the quantum effect of hydrogen molecule, the
thermodynamic properties of liquid hydrogen is not consistent with
the principle of corresponding state. Moreover, flow phenomena
with chemical reaction are often seen in industrial situations, such as

RISMH FEHFEICELD CVD BIESI 1L -3
CVD simulation by reactive force-field molecular dynamics methods

38 FILKE RERIZWRA

semiconductor fabrication process. In these flow field energy change
following chemical reactions affects much on flow phenomena. We
analyze the mechanism by which the quantum characteristics of
molecules affect on the macroscopic flow phenomena of fluids using
methods in which the quantum characteristics of fluids are consid-
ered.

EAEREN Li 14 LD EF - HFEHFIaL—a>
Quantum molecular dynamics simulation of Li ion diffusion in the solid
electrolyte
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Research on the Characterization and Safety Enhancement of Hydrogen Storage Alloys Using DFT Calculations

Hydrogen storage alloys (HSASs) is key to clean energy systems,
capable of storing hydrogen physically and chemically in durable
containers filled with metallic crystals with multiple atomic species
forming hydrides. However, the practical implementation of hydro-
gen storage alloys in societal infrastructure requires overcoming
several challenges, including further efficiency improvements, cost
reductions, and enhanced safety.

This study utilizes first-principles calculations to address fundamen-
tal questions, such as: “Which metal atoms form specific crystal
structures, and how do these structures interact with hydrogen
during adsorption and desorption processes?” This computational
methodology enables the precise modeling of atomic and electronic
interactions within materials, grounded in quantum mechanical prin-
ciples. Consequently, it facilitates theoretical predictions of previously
unexplored material properties and reaction mechanisms. The over-
arching aim of this research is to develop next-generation hydrogen
storage alloys characterized by superior performance, high storage
capacity, and enhanced safety.

FkFEEE S (Me™Ni) K FXIRE T 51852

T ERBERDOT AN HEERRIL (FOEERBEN SV

Top: The process that hydrogen storage alloy (Mg?Ni) absorbs hydrogen

Bottom: Visualization of radical attack within the crystal structure (the more red,
the more reactive)
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Molecular Dynamics Study of Deposition Mechanism on the Atomic Layer Deposition and Chemical Vapor Deposition Methods

In the semiconductor manufacturing process, there are some pro-
cesses such as thin film formation, etching, cleaning etc. Especially
in the thin film formation process, The thickness of a fim on a water-
have to be controlled with the accuracy of 0.5 A, which is the order
of the layer of atoms. The chemical vapor deposition (CVD) and
atomic layer deposition (ALD) are widely used as thin film formation

EFEFHEICLEERE L HLVIRIVF—FE
Structure optimization and energy calculation by quantum chemistry calculations

methods for realizing such a state-of-the-art demand. However,
these thin film formation phenomena are a complex combination
of diffusion phenomena and reaction phenomena, and it is difficult
to understand in detail. Therefore, we carry out reactive force field
molecular dynamics (ReaxFF MD) simulations and aim at a universal
understanding of the deposition mechanism in this research.

CVD RES 31— 3> (SiH, DAER)
CVD simulation (Supply only SiH,)
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Low-temperature plasma flow at atmospheric pressure can easily generate and transport heat, light, chemical species, charged particles,
and shock waves. Leveraging these capabilities, we are conducting research on plasma medicine and charged bubbles. Additionally, we
are developing technology to generate nanometer-scale water droplets and accelerate them to high speeds for cleaning and sterilizing at
low temperatures, without wetting, using only a small amount of water. Through these researches, we are investigating the interactions
between plasma flow and living organisms, and nano-fluid phenomena. Our goal is to advance the fundamental science and promote
the societal implementation of cutting-edge plasma medical technologies and innovative water utilization methods, ultimately creating
next-generation solutions to protect human health.
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Cutting-Edge Plasma Medicine: Regulating Cellular Responses through Plasma Com-

plex Stimulation

We are advancing the fundamental principles and applications of sponses in detail, aiming to clarify the impact of electrical and ultra-
cutting-edge plasma medicine. While research on the activation or violet radiation-isolating these effects from the influence of powerful
inactivation of cancer cells through plasma has primarily focused chemical species. Additionally, we explore the synergistic effects of
on the effects of chemically active species generated by plasma, chemical species, electricity, and ultraviolet radiation.

our laboratory takes a different approach. We investigate cellular re-

F/BIIIWZIERRNEICEDD AR ERL VBT

Elongation of cancer cells by exposure to nano-second pulsed current
FIBINNWRERIEBTIF LT TAMNGR DT
Formation of actin filament by exposure to nanosecond pulsed currents
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Innovative Water Use with High-Speed Nanodroplets: A Technology for Cleaning and Sterilizing at Low Temperatures with Minimal Water and No Wetting

We have discovered that by jetting pressurized air mixed with water
vapor through a nozzle, generating high-speed nanometer-scale
water droplets via condensation, we can clean and sterilize sur-
faces without causing wetting, using only a small amount of water.
The photographs show biofim-producing bacteria that have been
sterilized and removed by high-speed nanodroplet treatment (right)

though a conventional antimicrobial treatment (left) and high-pres-
sure gas injection treatment (middle) are not capable of sterilization
and removal. Our goal is to understand further the characteristics
of high-speed nanodroplets and their mechanisms of cleaning and
sterilization, as well as to advance their practical application and so-
cietal implementation.

ATME EICHRUMFTOVLAEEEERTRVEREORENE () CEEHREHNE (h), &/ RENE () £O SEM Bifgk, (BE:RILEMERKE BHRER

)

SEM images of biofilm-producing Staphylococcus aureus on artificial blood vessels after antimicrobial treatment (left), high-pressure gas injection treatment (middle)
and high-speed nano-droplet treatment (right). (Photo: Courtesy of Professor Shigeru Fujimura, Tohoku University of Medical and Pharmaceutical Sciences)
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Elucidating the Generation and Dynamics of Charged Cavitation Bubbles and Their Cutting-Edge Applications

The goal of this project is to generate plasma in laser-induced cavi-
tation bubbles in order to clarify the pressure and characteristics of
these bubbles, which have been challenging to measure until now.
The plasma-induced charging within the bubble creates a significant

electrical force and a high electric field during the bubble contraction
process. We are focused on developing methods to harness this
new functionality for micro high-energy sources and innovative bio/
medical applications.

HEL—Y-BEFET 22 RBDEIFIVX, FINEESKY (BMEHY) EAMEELL (MEAL) DR EREE R,

Dynamics of the charged laser-induced cavitation bubble. Selected frames of an image sequence with the applied voltage of 5kV (with discharge case) and no applied

voltage (without discharge case).
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From nanoscale to macroscale, various thermal and fluid phenomena, to which composite molecular-scale physics gets engaged, are of
critical importance in the wide range of engineering and industrial processes. In particular, an essential understanding of these phenome-
na is indispensable to exploit the limit performance of next-generation semiconductor devices by improving thermal dissipation from the
device surface or to explore and develop novel polymeric substances by optimizing thermal and fluid properties as well as mechanical
properties. By using large-scale numerical simulations such as the molecular dynamics method, we investigate heat and mass transfer
phenomena in the thermal and fluid engineering from the microscopic viewpoint. The underlying microscopic mechanisms governing
macroscale thermofluid properties are examined as well. Integrating numerical analysis methods which can cover multiscale physics,
we aim to investigate thermal and fluid phenomena having multiscale aspects. Based on this knowledge, industrial applications such as
semiconductor processes and development of polymeric materials are explored.
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Surface Modification Using Organic Molecular Films

Novel surface modification techniques at the molecular level such
as the self-assembled monolayer (SAM) have drawn attention as
the technique to control the physical and chemical properties on
solid surfaces. In particular, the bottom-up processes, i.e., surface
maodification by utilizing the self-assembling of organic molecules or
spontaneous structurization in organic thin fims, have future pos-

sibilities due to their flexibility and adaptability. Structure formation,
interface affinity, and heat and mass transport characteristics of
organic molecular films have a critical importance in the engineering
and industry. Therefore, we investigate the underlying microscopic
mechanisms governing these significant characteristics.

Self-assembled monolayer facing with organic solvent
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Thermal and Fluid Properties of Polymeric Materials

As for development of polymeric materials which have extensively
been utilized in industry, designing thermofluid properties as well
as mechanical and chemical properties by controlling the molecu-
lar-scale structure and phase separation structure inside the material
is being required. For example, it is a critical issue to predict the
variation in mechanical and thermal properties of polymeric resins
having crosslink bonds which is induced by the change of molecular

Molecular structure of amorphous polystyrene

structure when exposed to the extreme environment, e.g., ablation
materials in space planes. Using integrated numerical analyses cov-
ering molecular-scale to macroscale phenomena and data-driven
informatics techniques, we aim to explore and design polymeric ma-
terials which have valuable thermofluid properties and mechanical
properties.

Clustering of thermophysical properties of liquids

RNIERAE/ FIFRZEA DFUAICH 1T DEERR
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Transport Phenomena in Heterogeneous Media and Confined Liquids

At the fluid and soft matter interfaces or inside the confined liquid in
nanoscale structures, peculiar heat and mass transfer characteris-
tics emerge as a consequence of heterogeneous structure formation
inside a liquid in the vicinity of the interfaces. These phenomena are
directly relevant to the wide field of nano- and bioengineering, e.g.,
molecular transport through mesoporous materials and biomole-
cules. This study elucidates that the molecular transport in confined

Instantaneous structure of water surface

liquids is significantly different from that in the homogenous bulk
liquids and that the molecular diffusion is highly affected by the hy-
drodynamic effect induced by the molecule itself. Our goal is an es-
sential understanding of heterogeneous structure and corresponding
transport phenomena at the molecular level and building physical
models which can bridge macroscopic thermal and fluid analyses
based on the microscopic knowledge.

Anomalous diffusivity of liquids in the periodic rectangular
parallelepiped system
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The research involves theoretical and computer simulation studies of biomolecular systems. Current research activities span both devel-
opment of new computational methods and theoretical characterization of proton transport and protein phase behavior in biomolecular
systems at multiple length scales. For example, to probe complex transport phenomena of protons, a reactive model has been developed
within the simplicity of the theoretical framework of classical molecular dynamics (MD) simulations. Proton transport through complex
structure such as transmembrane ion channels are one of our research interests. Protein phase behavior (i.e, aggregation, self-assembly,
and liquid-liquid phase separation) in aqueous solutions are also of our research interest. Computational studies can assist in the chal-
lenge of designing the artificial ion channels. Our research is thus often carried out in close collaboration with leading experimentalists
and is integrated in a feedback loop with experiments.
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Reactive Transport Mechanisms of Protons in Nanopores

Transport of protons (H*) and hydroxide ions (OH) requires consid-
eration of a complex mechanism involving chemical reactions with
water molecules, known as the Grotthuss mechanism, unlike other
ions. Additionally, these ions move through water hydrogen bonding
networks that are significantly influenced by confined pore struc-

Proton transport via Grotthuss mechanism
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tures, making them difficult to understand experimentally. Therefore,
in this study, we utilize reactive molecular dynamics simulations
based on quantum chemical calculations to elucidate the correlation
between water domain structures and ion conduction mechanisms.

Anticorrelation between Grotthuss and vehicle diffusions
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Development of Artificial lon Channels with Selective Permeability

We aim to construct artificial ion channels with selective permeability
using DNA nanotechnology. This technique allows for precise design
of the channel structure by engineering DNA base sequences, offer-
ing a high degree of flexibility in fabrication design. Through molec-
ular simulations, we investigate not only the transport mechanisms
of small molecules within DNA nanopores but also the stability and

Molecular simulations of membrane-
spanning DNA nanopore

dynamics of membrane-spanning DNA nanopores to lipid bilayers
(liposomes). This research has the potential to establish various en-
gineering applications, ranging from the treatment of intractable dis-
eases related to ion channels to enhancing substance storage and
developing environmental remediation materials.

Liposome formation using coarse-grained molecular simulations

ALV INTEZRVIR - RIBDBEBER RIRR

KN BERRNANECEERT 5 ETR-REDHEE L. HHi2
AITRECT IVIRDOEERETR T 2 EPMONTNET,
RIS EEDFERBICT DI ET GEBEFR. 7 FIUmERE.
BRABREGRREHH L TCVBDEEZONTVET ., AMKIFE
BIIN—TEQHBMETHY . TTAF AR UXTF KN (ELP:
Elastin-like polypeptides) & EMBDEEYT 2 X > /N B % E 8B4
BELTAIDFZIERWICEETLE T, MRRAEIBEDOR b A

T TNREREED D RIS BEDAFERBICHALIAD
B ETHRIRADE S8 /NI BEOHEREZHIET 5FEDRFE
ZBIELTOEY . ARIEMEOZBER - DB RIERM CER L.
BINVEEADQISBDRIETT, Fl 21 BRRMEIC K SEIET
EICL 2T RRRPFERFPERR S > /NI BRI AR
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Liquid-Liquid Phase Separation Using Artificial Polypeptides

Biomolecules such as proteins and RNA are known to undergo lig-
uid-liquid phase separation, forming liquid droplets or gel-like struc-
tures within cells through self-assembly. It is believed that cells reg-
ulate various life phenomena such as transcription, translation, and
signal transduction by converting biomolecules into liquid droplets.
We focus on theoretically designing artificial coacervates using artifi-
cial proteins, such as elastin-like polypeptides (ELPs), to encapsulate

Elastin-like polypeptides (ELP) coacervate formation

specific molecules into liquid droplets. This research is closely linked
to material selection, separation, and concentration technologies,
with broad applications across industries. For example, enzyme
concentration could enhance activity, leading to applications in long-
term food preservation and the efficient synthesis of pharmaceutical
proteins.

RNA partitioning in the ELP coacervate
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Securing safe and less-expensive energy and efficient utilization of energy are important issues confronting modern civilization. To clarify
these issues and aiming at founding a Japanese nation based on energy technology, we are promoting studies of innovative green na-
no-devices. Particularly, we have been developing low power consumption devices (such as quantum-dot lasers, New channel material
transistors) and nano-energy systems, which are a combination of these elements. For manufacturing of these nano-devices, nano-struc-
tures should be produced accurately and without defects. The original properties of materials and quantum nano-structure should be
extracted. This sort of processing is made possible only after intelligent nano-process technologies such as beam process and bio-tem-
plate and ultimate top-down etching technology, which are the background of this research laboratory, are fully used.
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Damage-Free Processes

Based on neutral beam technology (invented by Prof. Samukawa),
ultra-precise nanofabrication are developed with excellent perfor-
mance of ultra-low damage, including etching, deposition, surface
modification, etc.. Our goal is to realize “Green Nanotechnology”.
Furthermore, we combine bio-technology with our nano-technology

RIEKZ SRR LIRS
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RETOTVET,

to develop new functional devices, such as quantum dot solar cell,
quantum dot laser, spike neuron device, thermoelectric devices, etc..
Additionally, we work on, 3-dimensional MOSFET, Graphene based
catalytic electrodes, etc., as the next generation devices.
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Fusion of Biotechnology and Nanotechnology

Entirely new process has been established by combining bio-tem-
plate and neutral beam. Bio-super-molecules are synthesized using
DNA information. As a result, the size and structure is completely
reproduced in atomic level. Also, by using self-assemble ability of

bio-super-molecules, regular arrangement is possible with very low
cost. Then, neutral beam etching can transfer the template pattern
to the substrate to obtain size-controllable, uniform, high-density,
regularly-arranged array of quantum dots with any materials.
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Application for Novel Devices by Neutral Beam

An innovative top-down method, a fusion of bio-template and dam-
age-free neutral beam etching, can fabricate highly ordered and
dense nano-structure arrays without defects. It has the excellent

potential of phonon-controlled MOSFET. Moreover, neutral beam
etching can achieve high-quality micro-LED fabrication and low-tem-
perature oxide film formation.
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Combustion is a complex phenomenon composed of multi-dimensional dynamics of temperature, concentration, velocity, and chemical
reactions. And also advanced combustion technologies are essential for solving the environmental and energy problems. Our laboratory
focuses on investigation of combustion phenomena, development of diagnostics and analysis method. Projects on turbulent combustion
at high pressure and high temperature, heterogeneous combustion such as fuel spray and wastes, and controlling of supersonic com-
bustion are in progress.
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Combustion Science and Highly Efficient Energy Technology

Combustion as a core of energy technologies today requires de- combustion mechanism in a high pressure and high temperature
velopment of new fuels and further increase in thermal efficiency environment for highly efficient energy systems is investigated using
as well as deep understandings of aerothermochemistry. Turbulent advanced laser diagnostics.
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Direct Photo OH-PLIF image Flame surface density

SETD CO/H/air AR FRANE
CO/H?/air tubulent premixed flame at high pressure
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Flame Structure in Supersonic Combustion

Mixing, combustion and interaction of shock wave in supersonic
flow are representative high speed reacting flow, and essential study
for the development of a scramjet engine. In our laboratory, flame
observation using planar laser induced fluorescence for OH (OH-PLIF)

Experiment (Direct Photo)

Experiment (OH-PLIF)

BEERERZZB L. BERATOF v ET + —RERICTER S
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BE L TR ZEITOTLVET.

and numerical simulation are performed in order to investigate the
flame structure and flame holding mechanisms in cavity flame holder
in supersonic flow.

Simulation (OH concentration)

Simulation (Streamline)
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Investigation of Fundamental Characteristics of Ammonia Combustion

Recently, ammonia is expected not only as hydrogen energy carrier numerical simulations with detailed chemistry. In addition, flame sta-

but as also carbon-free fuel. However, its combustion characteristics
are not fully understood. In this study, the combustion characteris-
tics of ammonia are investigated based on experiments as well as

bilization mechanism and turbulent combustion are also studied in
order to apply the ammonia combustion for gas turbines, industrial
furnaces, and reciprocating engines.

TERZT S BRFRAENRORICKRE
HEEFRRERICEELAET BT RRE Reaction flow of ammonia/air premixed flame
BREBEETE
Ammonia flame stabilized in a swirl
burner experiment and numerical
simulation

TEZT KK
Ammonia flame
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We investigate smart methodologies to know and control large scale fluid flow in subsurface at few km deep, and we apply the meth-
odologies to solve the problems on earth environment and energy. Our works are currently focusing on (i) CO, geological storage as a
means of climate change mitigation, (i) geothermal energy which is renewable and abundant in Japan, and (jii) methane hydrate seated
below deep sea floor, which is expected to be a next-generation energy resource to replace oil and natural gas.
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Diametrical Core Deformation Analysis (DCDA) for In-Situ Stress Measurements

Measurement of in-situ rock stress is a critical parameter for the an elliptical deformation of boring cores. DCDA is game-changing
effective production of geothermal or unconventional hydrocarbon method since we can directly estimate the magnitude of in-situ
resources. We propose a new method of diametrical core deforma- stress from simple core diameter measurement.

tion analysis (DCDA) for evaluating the in-situ stress of rocks from
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A newly developed apparatus for measuring circumferential Circumferential diameter distributions of the core samples in 10 micrometer
distribution of core diameter order (red) and fitted sign curve (pink)
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Improving the Efficiency of Underground Resource Development Using Functional Fluids

In resource development to date, various developments have been
conducted to create resource fluid flow paths and to improve the
permeability of flow channels. Recently, our lab. has started a new

TARIERRAOREN L. ENRMETEELEMERLTSY, BATNARED
MENFIESIE D RTREMEERL TS,

Flow characteristics of shear-thickened fluid. The fluid shows significant
thickening near the pressure source, indicating the possibility of controlling the
flow characteristics of a localized channel.

study to control subsurface flow behavior through the interaction
between a functional fluid with a special function and the subsurface
flow channel system.

TARIBHRFICLZERRERERDER. PROVHANSSHREISERIERINT
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Results of rock fracturing experiments using shear thickening fluid. Cracks were
created in multiple directions from the central wellbore.
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Development of Earthquake Inhibitor with Functional Fluids

In various underground development projects, injecting fluids into
the subsurface can alter the stress state of faults, leading to the
occurrence of microseismic events. In some cases, these induced
earthquakes result in damage. Measures such as reducing the injec-
tion volume have been attempted, but economic and technical con-
straints have prevented the identification of a fundamental solution.
In this study, we experimentally investigated the frictional properties

ANRARTEAL-RBREE (RREERABRE. RILAF AZREAMRH HERE-
ENFHMARER B 2—) o TIVRINE— (TR EMERE STF &L Y >
TIVTERUT

The experimental apparatus used in this study (a low-speed friction testing
machine at the Research Center for Prediction of Earthquakes and Volcanic
Eruptions, Graduate School of Science, Tohoku University). Experiments were
conducted using samples in which simulated fault gouge and STF were added
to the sample holder.

of simulated fault gouge to which shear-thickening fluid (STF) was
added. The results indicate that using STF changes the frictional
characteristics of faults, stabilizes fault slip, and may suppress earth-
quake occurrence. This approach could enable safer underground
resource development and potentially serve as a first step toward
the development of earthquake mitigation technologies in the future.

I BEBING A—2 DI RIBYRDEED
BREICHT AL, BEAD STF 0
YTV AEAN R B R Y TILD
ERERT, STF MY TIVIE, BIRE
DIEIZLEL TERFRBIEHIEML TS, B
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INTGA—=2THB, BRFBVENVIEMNTEEND
2, BhEIPHEICESEVWEEERT S,
Variation of the critical slip distance (one of the friction parameters) with respect
to fault slip velocity. Black squares indicate the results for samples with STF
added, while white squares represent samples with simulated fault gouge. For
samples with STF, the critical slip distance increases as slip velocity increases.
Fault slip is considered to start slowly, expand, and then accelerate to high
speed—resulting in an earthquake—once the critical slip distance is exceeded.
An increase in critical slip distance means that it becomes more difficult for an
earthquake to occur.
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We pursue research and development on effective energy conversion and energy process in combustion and reactive thermal fluid sys-
tems with new technology concepts. By basing heat and/or mass regenerations for low-exergy-loss combustion as keywords, interdisci-
plinary researches are conducted with domestic and international collaboration partners in academic and industry.
- Micro-, Mild and Microgravity combustions
- Multi-stage oxidation by micro flow reactor with prescribed temperature profile
- Combustion with surrogate fuels, biomass, synthetic fuels, and ammonia, battery electrolytes, and refrigerants
- Super lean burn and knock suppression for automotive gasoline engines
- High-temperature oxy-fuel combustion
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Study on Ignition and Multi-Stage Reactions by Micro Reaeactor
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Stationary multi-stage oxidations of alternative fuels, biofuels, am-
monia, battery electrolytes, and refrigerants were realized by a micro
flow reactor with a controlled temperature profile. Effects of reactivity
indexes such as octane number and cetane number, composition of

fuels and pressure on the multi-stage oxidation can be observed. A
high fidelity reaction design is being developed with solid theoretical
basis. This methodology was commercialized as a measurement
instrument.

BEATRHE/O070-UT778EBWEIAFINI—TFIVORSHICRIET 7 EZ 7 RN RO TR L LR
Visualization and analysis for effects of ammonia addition on reactivity of dimethyl ether using micro flow reactor with controlled temperature profile
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Development of Combustion Reaction Model of Lithium-lon Battery Electrolytes

(Professor Hisashi Nakamura : Reactive Flow Systems Laboratory)

Since power density and energy density of lithium-ion batteries (LiB)
are increasing and opportunities for their use are expanding, preven-
tion of LiB fire is an important technical issue. For carbonate esters,
main components of LiB electrolytes, we are conducting reactivity
evaluation and development of combustion reaction model. In addi-

tion to carbonate esters, fluoro and phosphorus compounds, which
are considered as ignition inhibitors, are also covered. As a result,
we are developing a platform for predicting the reactivity of LiB elec-
trolytes.

<Ayl 77 2% AV RISHEFHiE B FEFEE IC LD RICEIRITSR
Reactivity evaluation using a micro reactor and reaction pathway
analysis by quantum chemical calculations
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Super Lean Burn and Knock Suppression for Automotive Gasoline Engines

Hyper lean burn technology is attracting increasing attention to
achieve more than 50% thermal efficiency in automotive gasoline
engines. However, in hyper lean burn conditions, a transition from
ignition to flame propagation is usually difficult. An apparatus for
observing the transition from ignition to flame propagation has been

NAIN=) =2 N=2 T U FERDEHD
BERDSNRAIEBEDIRR

Study on ignition-to-flame propagation
transition for realizing hyper lean-burn
engines

developed, and physical and chemical process controlling the transi-
tion has been investigated. Also, experiments and numerical analysis
of engine knock are conducted to establish the way to suppress the
knock by examining the conditions under which the knock occurs.

Sy RERDRES
Temperature field at the time of
knock occurren
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Ultra low-Stretched Counterflow Flames under Microgravity Environment in“Kibo”Japanese Experimental Module and Airplane

Our proposal on space combustion experiment was selected as a
project at the “Kibo” Japanese Experimental Module in the Interna-
tional Space Station. The objective is to construct the unified com-
bustion limit theory of propagating flame and flame ball under the
oxygen combustion condition using ultra low-stretched counterflow
flames.

WNEHRIET TOMBEIMAXEEEF
BT —a - HNEHERAMEE
Counterflow flames under microgravity
environment and International Space
Station & aircraft for microgravity
experiment
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Our laboratory focuses on developing innovative multiphase fluid dynamic methods based on the multiscale integration of massively
parallel supercomputing and advanced measurements and research related to creating environmentally conscious energy systems. Fur-
thermore, we promote basic research for the creation of risk management science and associated new multiphase flow system linked
to sustainable energy represented by a high-density hydrogen storage technology. Notably, we are focusing on different field integration
research and development, such as the creation of environmentally conscious type nano-cleaning technology using a reactive multiphase
fluid that is a thoroughly chemical-free, pure water-free, dry type semiconductor wafer cleaning system using cryogenic micro-nano-solid
high-speed spray flow, and also focusing on removal-reusing technology for solar cells and ITO membranes for conducting organic poly-
mer (including indium oxide tin). We also performed a computational study of multiple bubbles' behavior in the megasonic field to clarify
the particle removal mechanism by megasonic cleaning. Furthermore, aiming to contribute disaster risk science field, the fundamental
mitigation effect of mega-floating structures on the water level and hydrodynamic force caused by the offshore tsunami has been com-
putationally investigated using the SPH method considering the fluid-structure interaction (FSI).
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Development of Integrated Multiscale Multiphase Flow Energy System

Focusing on the reactive high energy density of hydrogen concen- ment of high density, low volume hydrogen storage, and transport
tration, based on multi-phase fluid mechanics, fracture mechanics, system, we promote the resilient hydrogen safety management
material mechanics, and combustion engineering for the develop- technology by interdisciplinary research.
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Coupled FSI computing of reactive hydrogen leakage phenomenon accompany with BER 771 E RN TFEBERN /TN ==
crack propagation of pressure vess Nano device cleaning using cryogenic fine solid particulate spray
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Multiphase Fluid-Structure Coupled Computing Approach to Automotive Component Production Technology

We are developing advanced multiphase hydrodynamic approaches - The injector spray atomization mechanisms.
to automotive component production technology. The research in- - Laser melting process of fine particles in 3D printers.
cludes the following items. - Tribological phenomena between pistons and engine connecting
rods.
ZT=IA LTI a—DRAL T AR XIC 3D printer B&BRFOL—H—BRMTOERES IV H Piston-pin EOXOy R AR EICE ¢ 3R EEh
By BX—/N\—a E1—T1>Y INYERLFREAHZZ L SRR AT
Supercomputing of swirl injector Laser melting process of metal particles for The pressure contour and elastic deformation behavior of piston-
atomization process 3D printer and mechanism of spatter particle pin by FSI elastohydrodynamic lubrication computing
generation

HRI —EY DEFRIIRFIRFH T OBFE
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Development of Innovative Fuel Injection Technology for Gas Turbines

By focusing on the elementary processes of the atomization process control technology by coordinating numerical analysis, visualization
and the interaction of each process, we aim to elucidate the liquid measurement, optical measurement and theoretical analysis.

film atomization process by airflow and to establish atomization

FERRABIES 7710 £ SRR MR LB iE

Atomization process of a liquid film by planar air-blast atomizer

JYOOO-S4I

Institute of Fluid Science, Tohoku University 50



HODES

S
=

n
ﬁ
;
I
i
7L
Yy
g
€
4
7

51

manaBFERMRBATEY I —

Global Collaborative Research and Education Center for Integrated Flow Science

AT EF

NIVFIT4IVIRATH A UF

Multi-Physics Design Laboratory
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Shigeru Obayashi Tomonaga Okabe Yoshiaki Abe
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This laboratory aims at developing a new interdisciplinary research field named as “mutiphysics design” spanning across the fluid sci-
ence, material science, design engineering, and computer science to tackle multiphysics problems on research and development for
aircraft design. This research field is expected to glue existing engineering fields in a more seamless way and lead to a next-generation

aeronautical engineering field.
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Optimal Design Using Data-Driven Method for Solving Multiphysics Problems

Numerical simulations of a multiphysics problem which involves
multiple physics governed by different governing equations require
to combine numerical methodologies developed in various research
fields. This often leads to more complicated algorithms and thus
degrades a computational efficiency. Our research group aims
at developing a new multiphysics interaction method based on a

REMIEE EME RV 2R A O RERET
Optimal design of CFRP aircrafts

RIEKZ SRR 2RI

response surface and partitioned approaches so that both compu-
tational efficiency and implementation are facilitated. The proposed
method is applied to several fluid-structure interaction problems
such as an optimal design of CFRP aircrafts, flutter analysis, and
wake-induced-vibration analysis.

T —2EREN R FIAR A% VoA EE R B AT
Flutter and wake-induced-vibration analysis by a data-driven fluid-structure
interaction method
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Multiphysics Analysis of Advanced Materials for Aircraft

A 3D printer is one of the promising technologies to facilitate a man- 3D printer with fibers, and also conduct a fluid-structure interaction
ufacturing process of aircrafts particularly for the use of CFRP as analysis to understand the mechanism of a gas-jet levitation method
primary aerostructures. Our research group performs a generalized used for a thermophysical property measurement of molten metal.

SPH (Smoothed Particle Hydrodynamics) to simulate a FDM-type

—RREEAZ SPH (& 38i#E AV 3D 72— DA VR E DA EE AR
Numerical simulation of fiber-reinforced 3D printing technology using a generalized Fluid-structure interaction analysis of a gas-jet
SPH levitation method
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High-Fidelity Aerodynamic Simulation Using Parallel Modern Hardwares

High-fidelity turbulent simulation is essential for simulating non-cruise ator. In specific, our group is using the high-order flux-reconstruction
conditions of aircraft such as take-off and landing phases. This re- (FR) scheme to perform high-fidelity simulations of compressible
search proceeds the study of high-order unstructured scheme for flows inside jet engines and around fluid control devices.

compressible flows using modern hardwares such as GPU acceler-

=5 GPU StE#EAW - 1 yb I UL REB RN DS R IEE 2R N
High-fidelity aerodynamic simulation of turbine blade using modern hardwares
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Energy conversion by combustion is used in various energy systems for propulsion, power generation, and heating due to its good
load-following capability and high output per size and weight. On the other hand, significant challenges are required to change the fuel
from fossils to renewable sources in order to eliminate CO, emissions. In our laboratory, we are elucidating and modeling the chemical
reactions and flame characteristics of new fuels in the renewable energy era through experiments using micro-flow reactors and burners
and numerical simulations of the elementary processes, thereby establishing a platform for numerical combustion simulations necessary
for the design and development of zero-emission combustors. We are also investigating the effects of combustion with new fuels on
combustor walls and materials to be heated. We are also studying the combustion of electrolytes and refrigerants, which are key com-
bustible components, and flame retardants that can be added to them, in order to mitigate fire accidents in batteries that store renewable
energy as electricity and heat pumps that provide high-efficiency heating and cooling.
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& Ammonia Combustion - The Ultimate Environmentally Friendly Combustion, Emitting Only Nitrogen and Water
*r;! Ammonia is a promising energy carrier for the future because it can Therefore, a new combustor based on fundamental knowledge is
be produced from renewable energy sources, has excellent storage needed to achieve high efficiency and low NOx combustion. For de-
i and transport characteristics, and emits no CO, when used for ener- sign and development, we are investigating the flame characteristics
% gy. On the other hand, ammonia is less reactive than hydrocarbons and elementary reaction processes of ammonia, and performing
% and generates NOx formation from the nitrogen atom in ammonia. model development and validation.

4
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Fundamental combustion experiments (lower left: counterflow flame, right: micro-flow reactor) and quantum chemical computations (upper
left) for ammonia
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Development of Surrogate Combustion Reaction Model of Battery Electrolytes and Flame Retardants Soluble in Them

Since power density and energy density of lithium-ion batteries (LIB)
are increasing and opportunities for their use are expanding, mitiga-
tion of LIB fire is an important technical issue. For carbonate esters,
main components of LIB electrolytes, we are conducting reactivity
evaluation and development of combustion reaction model. In ad-

LIB B O — MRS E 7L OB R E SR EI D E 5 BRI ISR B

dition to carbonate esters, fluoride and phosphorus compounds,
which are considered as flame retardants soluble in LIB electrolytes,
are also covered. As a result, we are developing a platform for pre-
dicting the reactivity of LIB electrolytes and flame retardants soluble
in them.

Schematic of LIB electrolyte surrogate combustion reaction model and pyrolysis reaction pathway of a fire retardant
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Machine Learning-Assisted Method for Generating Simplified Reaction Models

Detailed reaction models include hundreds to thousands of chemical
species. Combustion numerical simulations that solve the conser-
vation of all of these species require a huge computational cost. In
order to conduct the design and development of combustors and
fire simulations with a realistic computational cost, we are develop-
ing a method for generating simplified reaction modes that include

BT INTVX LERWESE T EZT7 RISET IVEEE

a smaller number of species while keeping prediction performance
of combustion properties. Since combustion phenomena are highly
nonlinear, we are particularly developing machine learning-assisted
methods to achieve ultra-small reaction models, which are difficult to
achieve using conventional methods.

A method for generating a simplified ammonia reaction model using genetic algorithm
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Novel Battery Nanoscale Flow Concurrent Laboratory
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Development of clean energy sources, such as solar cell, Lithium ion battery and fuel cell, is rapidly progressed all over the world be-
cause of recent problems of global-warming and nuclear power plant. It is indispensable to comprehend and control the flow of reac-
tants or products in these batteries to improve the efficiency and decrease the cost. However, it is impossible to comprehend the flow
dynamics of these substances accurately by conventional experiments or simulations because the flow field in these batteries consists
of aggregations of very fine structure which is of the order of nanometer. Our laboratory analyzes the “flow”, or transport phenomenon of
reactants or products in the batteries by large scale quantum calculation or classical molecular dynamics method using a supercomputer.
Moreover, we aim to make a theoretical design of a next-generation battery which is high efficiency and low cost by comprehending the
characteristics and governing factors of the transport phenomenon from the simulation results.
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Coupled Analyses of Mass Transport - Structure Characteristics of Polymer Electrolyte Fuel Cell

To improve the efficiency of polymer electrolyte fuel cell (PEFC), pro-
tons and oxygen molecules as reactant materials can reach faster
to catalyst surface and water molecules as product material can ex-
haust faster. Numerical simulations are effective methods to analyze
the characteristics. However, the characteristic length of the flow
fields in PEFC is the order of nanometer and therefore conventional

computational flow dynamics cannot be applied to the analysis of
the flow phenomena. In this study, the relation between structure
characteristics and flow characteristics in PEFC are analyzed by mo-
lecular simulations and the results are applied to the development of
next generation fuel cells.

BEAE D FRAH BRI OMERREE - a2 —2a>
Simulations of mass transport and structure characteristics in polymer electrolyte fuel cell
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Molecular Study of Transport Phenomena of Li lon in All Solid State Li lon Battery

All solid state Li ion batteries, in which liquid electrolyte of current
Li ion batteries is replaced by solid electrolytes, are expected as
next-generation secondary batteries. The Li conduction character-
istics in the solid electrolytes, in the active material where Li ions
are stored, and at the interface between them, are very important
factors that determine the performance of the all solid state battery.
In this research, we aim to capture the characteristics of nanoscale
structures inside the materials of high ionic conductivity, and to
investigate the transport phenomenon of Li ions in the solid elec-
trolytes, in the active materials, and at solid interfaces by quantum
chemical calculation and molecular dynamics simulations.

BEFERETO Li (A ERBRII2L—Ya> () BFEHE. (b) EWREME. (c) A—b#

HOBAIRTF)

Simulation for transport phenomenon of Li ions at solid interfaces (Unitcell of (a) solid

electrolyte, (b) active material of cathode, and (c) coating material)

XK E

EEFESRY) AR KRGEMDOREE S L T.NATURE
# & (NAnocrystalline Transport pathways in Ultra-thin
dielectrics for REinforcing passivating contact) 75, ;¥ B &
EHDTVWET, ZOBEIF. BREEDORLKDIEDSIEHL DK
.oBWEBEE BN/ IN—a tkggamir L CWET,
NATURE & Tl D Si-rich B> A 7/ #& (Si NC)

B/ MMREIRICH(FD VUV F /ERERX D=

A LD FEmbEE

PR END/H. EVBRIETOEVEBEEZRLEYT, 208
EMEREIE. SINCOY A XPEEICAEZKFLE T AAKTIE
DFEHHEII 2L araBOT.BREERE. ??ﬁ&t
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Si-rich [BICTE T 2RMHEDOBTRFEZEE L TVWET,

Molecular Study of the Formation Mechanism of Silicon Nanocrystal in Passivation Layers of Next-Generation Solar Cell

In recent years, the NATURE contact (NAnocrystalline Transport
pathways in Ultra-thin dielectrics for REinforcing passivating contact)
has attracted considerable attention as a protective layer for crystal-
line silicon solar cells. This structure consists of three Si layers with
different oxygen concentrations and achieves both high conductivity
and excellent passivation performance. In the NATURE contact,
silicon nanocrystals (Si NCs) are formed in Si-rich layer at the center

NATURE #5&E DR
Schematic illustration of the NATURE contact

of Si layers, enabling high conductivity even in thick oxide films. The
conductive performance deeply depends on the size and density
of the Si NCs. In this study, we perform molecular dynamics simu-
lations to analyze the effects of oxygen concentration, temperature,
and interfaces on the size and density of Si NCs, aiming to deter-
mine the condition at which proper Si NCs are formed in the Si-rich
layer.

Sirich BRETOEBERREYI2L—2a>
Simulation for crystal growth in Si-rich laye
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RMREE D AT L TRIVF—TZ2 MIBWTE REBPFET DBEMHDSL-BEICH L TERENICBEZTO EPEETY.

AMRFPFTIE. NSOV AT LOREEICETZ IV ITELOEZRU S JICET 2ME 21T o CVWEY . EREIFRIETHEE
ICEBMROLBE - RIBOFEECERERE LY ORREEITV. CNEZA VA VTRV JICBRTHIEZBHELTOET. X2
EREEYORMEICKDBERL LIV EHEHMBEN T 7O0—FICHATIMRZTOTVET, ThOSOMAEIUSRIICIT O
DI MHBZRFPT — YA T APFOMAELEE L THEZITO>TVET.
In lifecycle management of next-generation transportation systems and energy plants, evaluation of degradation and damage of structur-
al materials induced by flow is one of key issues. Our laboratory is conducting research on sensing and monitoring that increase reliability
and safety of these systems. Our activities include evaluation of degradation and damage in various materials by electromagnetic non-
destructive testing, development of high temperature sensors, reliable sensing by sensor fusion, inverse approach, and so on. We aim at
applying these sensors and testing methods to online monitoring.

A7y IO ORERILDDIC MFEEDIERERRD 7Y PIVIVRBENEOBERIGEICET 2MEEZT o TVE
EEREMEGVET. AMRSHF TIOBERREEICLSO T,

The residual life estimation based on damage evaluation is very detection and evaluation of cracks in a rocket engine combustion
important to ensure the safety of the repeated engine operation chamber, and novel probes and signal processing method are being
and the reusable systems. We apply eddy current testing (ECT) to developed.

LE9I Ty
© JAXA

G Ty TRER A E V- RER
Demonstration of crack detection in combustion chamber mockup specimens
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2 EEREERILT B7cODZIHRMORFE LT O>TVET.
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CFRP is used in aircraft and other applications as an advanced
composite material. We are developing diagnostic technologies to
guarantee reliability and safety of CFRP. Among the defects that
occur in CFRP, carbon fiber defects can be detected by electromag-

CFRP (23493 ECT &8
ECT for CFRP

J1) =T B0 B IRBIEN % E DS & IERIZEN
ICRHB T ENIE ERB EDRGPBEELT DANICAIENICIEE
WEBIETHIENTEET, HUICHDIBTUFEDEICER
L T BRIEBIERHIEIC K W BB ET DO FEDRFEZIT O

Nondestructive evaluation of materials degradation such as creep,
fatigue, plastic strain and residual stress can be one of effective
tools for lifecycle managements of structural components. Our
laboratory has been developing electromagnetic testing methods
to evaluate material degradation. In particular, we have been devel-

in-situ ECMS 8%
in-situ ECMS experiment

RS EFWebd 1 ~

FHEEICK IR T D ZEDRIRET T FICHEI AT 1 X
NIRRT 2 BERABRIC K o (FMBid 270D 70—T &fE
SUIEDIRE &7 2 TLET .

netic nondestructive evaluation methods. In particular, we are inves-
tigating probe and signal processing method to evaluate misalign-
ment of fiber orientation and fiber breaking by eddy current testing.

CFRP (ZH123ZT7 5/ A NE D
Extraction of misalignment layer in CFRP

THEYVET, HBICHKWEARED1 D TH S BERMIIERIEZ
BRT2EEHIC.HLEHTFEEDBRICDONT. XHZ AL
fERRE 2O TARE &7 O TVE T,

oping the eddy current magnetic signature (ECMS) method, which
is one of the electromagnetic testing methods, and investigating the
relationship between deterioration of materials and material magnet-
ic properties, and its mechanism.

EHEUTHAERERBRIERIESDEL
ECMS signal changes according to the amount of elastic strains
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Global Collaborative Research and Education Center for Integrated Flow Science

T[RRI R KT

University for International Research Excellence (UREX)

O o AaR
Subram Mani Yiguang JU
SARATHY Professor

Professor

2024F 11 B . TR AZ B RV DEREHMAALICHEESNE Uk, EESHMERZ . BROKXZOMENZHR My T LA
NEHBIEZBNE LT XBHFADRIRUAHETY . RARZMAMIE. KFEDL & TRV F—FF TIHFRHLMARREE
FTVWB2RDMAEELA . RAREAFOERMANRE LT EEMARE D ZHEL TOET,

In November 2024, Tohoku University was officially designated as the first University for International Research Excellence (UREX). The
UREX is a program established by the Ministry of Education, Culture, Sports, Science and Technology (MEXT) with the objective of en-
hancing the research capabilities of Japanese universities to a world-leading standard. Under this initiative, the Institute of Fluid Science
has welcomed two researchers with internationally distinguished research achievements in the field of energy and will advance its inter-

national research and educational activities as a global research hub in fluid science.

S. Mani Sarathy B DI 7 SEFP F+ 277 T RS> —HEFMAE (KAUST) Bu%E

Sarathy #3% 3. MG ERISARZE & KO rTRE R IR D
DB THRNICERD DNIZIER D D IFRE T . Highly Cited
Researcher (OGEEENTH Y EBREREA =T — B R
e, £V AT LDREHIERZBUVV AR ZREAL TOETY,
INET. REFHEDOERIRICHE T BRI A HE L | ER

(202556 A EIRHERZERA)
R CERNAME R Y bT—0 OBRICKELEIL T
BRI BICEBREFKR- 7O EZTHHORE. 7V EZT
ERACKERDREEEIE. Al 2B LIcET IMLFEDRFEICE W)
TR BFEREE T TOERT.

S. Mani Sarathy, Professor, King Abdullah University of Science and Technology, Saudi Arabia

Professor Sarathy is a globally recognized authority in combustion
chemistry and sustainable fuels, based at the King Abdullah Uni-
versity of Science and Technology (KAUST) in Saudi Arabia. He
is a Highly Cited Researcher whose work focuses on designing
future-ready clean fuels, combustion technologies, and production
systems. He has promoted research in fuel science for the realization

Appointed as a Distinguished Researcher (as of June 2025)

of a decarbonized society and has made significant contributions to
the development of an international research network through indus-
try-academia collaboration. His pioneering research has production
of low carbon hydrogen and ammonia fuels, ammonia/hydrocarbon
co-firing strategies, and Al-accelerated modeling frameworks.

Yiguang Ju RKEUY A REZON—k-R—9— NI -V U BHIE

JUBER IS GBI T — R T O AR S R E
BME LRI FOMRNE-AZTH Y FICRFAAEELS LT
BRARMEICE T DMRRISCEER. 7 ZAVIE £ L TKE:
FrEZT efuel TR F—HHOIFTEHELEICRIT SR
TERIZE CHBATRIRR ICB WV THFAMICH EHi SN TOET,

(2025511 A EFR=-RAERA)

BEEZ 4 M Alfred C. Egerton £ B AIAAHEE - MEE 14 &
HEHZE LK I RILF—2 (DOE) DKEMENS [Energy
Earthshot Research Center(EERC) |0t >4 —R&#HH DK
EERLANLORBETOD T MaFELTVWET,

Yiguang Ju, Robert Porter Patterson Professor, Princeton University, USA

Professor Ju is a world-renowned authority in interdisciplinary re-
search integrating combustion science, green fuels, plasma science,
and nanomaterials. He is particularly highly regarded for his pioneer-
ing fundamental research and technological innovations in chemical
reaction kinetics under near-critical and supercritical conditions, plas-
ma chemistry, and the non-equilibrium synthesis of hydrogen, am-
monia, e-fuels, and energy materials. His outstanding achievements
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Appointed as a Distinguished Researcher (as of November 2025)

have been recognized with numerous prestigious awards, including
the Alfred C. Egerton Gold Medal from the International Combustion
Institute and the AIAA Propellants and Combustion Award. In addi-
tion, he serves as Director of the U.S. Department of Energy (DOE)
Energy Earthshot Research Center (EERC) for Hydrogen, leading
major national-level research initiatives.
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for Integrated Flow Science (IFS-GCORE) English

MARDHFZERMALE 2 24— MARPRZEZMERE U T EHNFERT NS AR T U EZT72IBLHET BB
RISAABNDRRADI-OHDMEREITVET, EREEEDOREZE L CELERMALE LY 2 - RLORRPHEMATK
BRERERFLV AV E—ICLDEBERE BRILTHIEICKV . TIVABE VIDTISEZ . FAUA I VAR-ILICE
I 2BIRREESICHRMRBBEEHEL . R VNI N EEHTRAT7 A 7 AMDERMRERD I EZBIELET. HRDERA
BAFOBEFMEELED COEFRRD S SHRAFHABFPXEISBEL. 8VEFIEZHOAMZEHLET.

The Global Collaborative Research and Education Center for Integrated Flow Science (IFS-GCORE) conducts research activi-
ties to be applied for various developments such as innovative semiconductor devices and fuel ammonia, based on integrated
flow science. For the purpose, we promote collaborative research and education, utilizing the network with overseas bases at
France, Taiwan, Saudi Arabia, United States and Singapore to be international alliance hub that create societal impacts. Fur-
thermore, IFS-GCORE fosters young researchers from all over the world who combine high expertise and strong international/
interdisciplinary network for co-creation.

HADRBAREIS AT+ HEITS. TO-FMFZIRAT7SA7 Y ADFH - REATHSRE
EfARBEERE Y I—(F. [FiE+HELEETHR] OHFHEINT~

Formation and development of the flow dynamics alliance for co-creation with the global flow science research community. The
Global Collaborative Research and Education Center for Integrated Flow Science (IFS-CORE) will become an international hub for
co-creation of "fluid + material collaborative research”.

l] Development of High Temperature Materials “
\ SEMETE

Université de Lyon / CNRS and IFS Lyon Center ﬂ"é":ﬂg‘f National Yang Ming Chiao Tung University

U AY /CNRS T amETEEsTEAL

~ ~

Mechanism Study of Materials Degradation in Ammonia Environment

PYVEZFHIEAD=ZXLTHR

Innovative Semiconductor Device Green Ammonia

EMREBEFTINAR TU-VFIEZT

Environmental Barrier Coating Technology for Ammonia Tohoku University 3/2 nm Generation 3D Structures Ammonia Combustion
P VEZTAMRIE I -5 O Kl 3/2nm #IEIRTI/E FUE=TFRE

Design of Polymer Materials for Ammonia Storage Tanks

FPYEZTHBARS FHEIORE

Quantum Dot Solar Cells Green Hydrogen

EFFY KBS IU—2KFE

ICFD

International Conference hosted by IFS BN
mpmreEEes [ e
ing Abdullah University

niversity of Washingto

cience and Technolo!

FEmEFIFEEMRHE 22— (IFS-GCORE) D E
Outline of Global Collaborative Research and Education Center for Integrated Flow Science (IFS-GCORE)
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Tohoku University, a world leader in fuel ammonia research, will take the initiative in developing research results to
address challenges throughout the ammonia supply chain

Production Transportation & Storage Combustion & Power Generation
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The diverse applied fields of “Integrated Fluid Science
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Lyon Center —Integration Research Center
for Materials and Fluid Sciences—

2018F4 BICHIL AFHRARIEMEIL. VIV 2—% 1) IV KEOINSA-Lyon (B SAREER Y 3>8K). Ecole Centrale
de Lyon(Ta—JL-> bZIL UIURRECL) £J I E—KZF (Université Claude-Bernard Lyon 1)RICEIRRWN =L E L7, K&
2B —TIE. AARFS LOCEAORFERZFBTOMREL) A AZZH D E LEMHRIEZESFOMREBSEERAR ZTOELEDIC.
ZOHERMFETZE L (EFMREEFELZBTRLET.

ARIZMRAIER AR Z 2 ERICRSFOZMEESRE T 23 UV EEARBSMEE ZHA L. TRILF— RIEKEZES R T
L.ETZOICATH THEMAFEBICHKE L TEE L CS5RDECERBOEDIC. RMBEROMBRIZMEUMR THY . BHROE
SEEISRTHB ') A KE (Université de Lyon)ICHLR ZE%E L. BIMAR =Y hOEE. WH DA ED L/zHRME. HR%E)—

NI BAMBERICERYBATNET,

The Lyon Center was established in Université de Lyon in April 2018 by Tohoku University's Institute of Fluid Science. At this
center, fluid science researchers from the IFS and other Japanese institutions will conduct collaborative research projects with
materials science researchers mainly from Université de Lyon. Through these collaborative research activities, we will also ed-
ucate young researchers and students.

The IFS is pioneering a new type of problem-solving academic program, a combination of different academic fields with fluid
science as its base, and is addressing social problems related to energy, next-generation transport systems and medical engi-
neering. To encourage further progress and developments we established its base at Université de Lyon, a center for Europe's
materials science research and academia-industry cooperation. From here we will operate an international research unit, do
collaborative research utilizing the strengths of each party, and promote world-leading human resources development.

N
(\e’( ® Data Science
Simulation and
Modeling

 / Materials
Science
: 2
Fluid 7
\ ©
Science ©
<
S
o
S
&
Surface Science N
Tribology Q)‘Z’
. N
Degradation Sensing and ?}\%\
Science Control v
Institute of Fluid Science (r;

Tohoku University

]
Shortation

| yon Center

Institute of Fluid Science, Tohoku University 62



Organization

RERPBEREEE> T — (AFI)

Advanced Fluid Information Research Center

B#ASE  English

RERAEBRAE LY 2 —13. RARZABICB T D A—N—OVE1—FT VI FEBH I 1L —2 3> EXRROGHARBI S AR,
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BAEL S VICERBIEERM 2B ADICAIC KD AR KEDARDHEEICEMRL TLET,

At the Advanced Fluid Information Research Center (AFlI Research Center), the Integrated Supercomputation System is em-
ployed in diverse applications such as supercomputing in fluid science, measurement-integrated research for the simulation
and experiment, and advanced visualization for fluid information. In addition, international symposiums are conducted by AFI
Research Center and the center's database is used to spread the research results. From the academic and social viewpoints,
the Integrated Supercomputation System plays a pivotal role in research projects, which are screened and evaluated, for
achieving high research goals. The Institute of Fluid Science’s mission is to make contributions, such as integrating the fun-
damental study of fluid science with advanced academic fields and focusing on the applications of fluid science in the field of

science and technology, toward the promotion of AFl Research Center as a world-class research center.

B RitRSHFEY X5 L Integrated Supercomputation System

20248 B (B fth L /SRED [RIMRREMR S AT LA
(AFINITY ID I A—=/S—a>Ea2—F« > J =47 D5tEY —/N
HOATERROEGRBENO/ZHDIRTAIRIY —/\ EEREEZ
BELCHEY I 2 L—2ay exBiine ) > 79 25HARS
MED DD RERREA >R T T—AY—/\adiE LT PB
I ADBBEODAN =V AT LAWRT 1 AVEKBE) &8
U SRR L B & A 7oA E—> 3> T — 0 AN~
A(RWS) PRI ERmA TR,

SHEY /NI HPEICK 28 A T RS ES AT LE
HEEARURWIEFES AT LEFTHELTRREINTHEY. >
AT LIBER B E M REAET4 4PFLOPS - & AH B X EUBTB - =
HEREAF223TB DatEikteaiefit LE 7.

Y—NEEEFBEZ DR XY NT—21340Gbit Ethernet &
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HPEGRIMIE A S0 T 7> MEEERBEICL TVWET,

The “Integrated Supercomputation System,” which currently
consists of the distributed memory type parallel computing
system, the shared memory parallel computing system, flu-
id-data analysis server, and the Measurement Integration
Interface Server to link the supercomputer and experimental
measurement system, started operation in November 2005
and was updated in May 2011, May 2014, August 2018, and
August 2024. The data storage system (magnetic disk), which
has petabyte class capacity, is connected to the servers using
a storage area network (SAN). The Realization Workspace and
peripherals with stereo visualization devices are also involved in
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the system. For the supercomputing servers, 447 nodes of HPE
CRAY XD2000 are used as the distributed memory type parallel
computing system, while the shared memory parallel comput-
ing system consists of HPE SuperdomeFLEX 280, providing a
total peak performance of 4.4 PFLOPS together with fluid-data
analysis server, maximum shared memory of 6 TB, and total
storage capacity of 223 TB. The network which connects the
servers and users has a 40 Gbit Ethernet as the backbone, and
facilitates clients’ work, including high-speed data transfer and
image processing at each laboratory in the Institute of Fluid
Science (IFS).
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Advanced Flow Experimental Research Center Wb'
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Concurrent Professor Specially Appointed Senior Fellow
Hiroki Nagai Assosiate Professor Yasufumi Konishi

Kiyonobu Ohtani

RIARFERAREMARICIIER by T TADKRURBRBRBHIRESNTE Y., IS5 DERTHEONERRT — 213 RAERIZED
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Z KA (5m/8) B D ATERARE (6km/s) & T RERRBREBEMA > & — & HRIC/To CORVERE EEHRIEMT T RARIZED
RECBATFOERRFIRICEMLUET.

The Tohoku University Institute of Fluid Science has unique and world-class facilities. The experimental results obtained from
such facilities have extended the frontier of fluid dynamics and have also applied industrial applications. The Advanced Flow
Experimental Research center has been established in April, 2013 for research and development and operating management
of the two large facilities, the low-turbulence wind tunnel and shock wave facilities.

The Advance Flow Experimental Research center will contribute all velocity ranges from breeze (5m/s) to an atmospheric entry
(6km/s) to the development of fluid science and strengthening the International Competitiveness of the company, with unique

performance and advanced measurement technology of those facilities.

W {KELERSEERHESR, Low Turbulence Wind Tunnel Facility

EELEURASRER MR & EELEMRERUR. NEUEELEUR . KBRS A
A RHEXER D 5 7% 5 RERIER T Y. £ &R B EERERR
& RAREROERS LOICAMEZBr s LT, 1975 (RBF150)
FIRICHRESNCHEBERROERERTY . AEFIEELN.
BEERE. BNURDO— M ZRT KDICERETENTH Y B
AIEEROREIEXE 1 mOIEN\AFZ L THY . &ARRE70m/s.

FIRELRIE AR O BTE (3 X320.8m DIE\ B T. &A80m/s D—
HEDOBWANEIED Z EDPIRETT . HIC. BRARAIER T
SURDELNIRE(20.02% LUIT £ TE S EHFRIICOBNE,
MERMB T INEDHEREEZLED L T BRDSERNDEZ (VD
TERLNDMEOEUE TEITIUIEDAI L D 5 VRIS DERERZT PR
FOEBRAFES LORMOBLICERL TVET.

The Low Turbulence Wind Tunnel facility consists of four wind
tunnels named the low-turbulence wind tunnel, small low-tur-
bulence wind tunnel, low noise wind tunnel, and blowdown
wind tunnel. The main wind tunnel, low-turbulence wind tunnel
is a closed return type wind tunnel that was constructed to
contribute to fundamental fluid physics and applied physics in
1975. It is designed to satisfy the low turbulence intensity, low
noise, and high velocity uniformity. The closed test section is
an octagonal cross section, which width of the opposite side is
1m and a maximum free stream velocity is 70m/s. On the oth-
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er hand, the open test section is an octagonal cross section,
which width of the opposite side is 0.8m and maximum free
stream velocity is 80m/s. The turbulent intensity of both test
sections is low enough to investigate the fundamental research,
especially the turbulent intensity of the closed test section,
lower than 0.02% of the free stream velocity, is extremely low in
the world. It has been contributed to the fundamental research
such as the turbulent transition of the boundary layer and/or to
the product development for the industry.

EELBmZ AR OB B E B
Open test section of the low turbulence
wind tunnel
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The Shock Wave Research facility consists of a ballistic range
and a large shock tube. The ballistic range is the apparatus
which can launch the projectile at a wide speed range from
subsonic speed, 100m/s, to hypersonic speed, 6km/s, es-
tablished in 2002. It is a huge apparatus which consists of a
launch section, an accelerating tube and a test chamber. Its
total length is about 19 m. Three types of operating mode, sin-
gle-stage light gas gun, single-stage powder gun, two-stage
light gas gun, allowed such a wide range of the flying speed.
The high-speed optical visualization such as free flight of the

projectile or high velocity impact of the projectile to a solid ma-
terial is allowed by three pairs of large windows built on the test
chamber.

A high-speed free flight experiment in stationary gas, a high-
speed water entry experiment, a high velocity impact exper-
iment to a solid material are possible and, using this device,
can perform aerospace, materials development, the basics in
various science, engineering fields including the field of earth
physics and an application experiment.

NYRFYILL TR
Panoramic view of the ballistic range

B BHZFRFEE1-m Magnetic Suspension and Balance System

BELAMZERIFICE 3 ORER & U T-mBENZFHFRITEE
(MSBS) PEFHENE Lc. COREIFREEZHTAD N TRURF
IS D ERICREDPTURD ORI DN OFHATEHERETT .
MSBS &R\ &, @& DREUBEER CldB T bR \VERZZ A
TWBANZY MRRT 1 VT OZEDPELCAESND T — X
WERECND > TWDRFENZTDOHDTH VY. ABRAER DM

BRICAZICBRDEVDFRDPBE VT /o SMED SBIHHIC K
W OZRBZHET 5 ED O REICHRALEE ESEDH T
EORRETH Y INETEMTH LD D BEH T 2EHBF Y O
NHEBIRT 2 EHPIRETT . AEEIE. XLERRED 1 mDIE/
A ORAER ZHF OEFRFADKRE S EEDUNITIHFRITRET
DY —RFBICHZIN TV SR TH—DERETT .

A unique model support system, 1-m Magnetic Suspension
and Balance System (1-m MSBS), has been equipped at the
Low Turbulence Wind Tunnel. The 1-m MSBS can support a
wind tunnel model in flow magnetically and simultaneously

measure the aerodynamic force acting on the model. The 1-m
MSBS is the largest system in the world. You can conduct wind
tunnel test without the support interference and drive a model
in motion as you wish.

6 EHIEIC L5259 5 AGARD-B 1REY
AGARD-B model suspended by 6-axis
control of MSBS
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MmZEESTERZF 29— (ACS)

Aircraft Computational Science Center

ZERETERIE 2 & — Tl MEREROERRF N ZHR - IEAL TO L /2oIC, EFERMF 28 U T BaMF OB AR
RERET 57200 CAEHT. ZHEEER KOBERNE > — L L AER URRETIHIRED 5 &L WRIT TO L BMRERET DRl HE
&% CAERMOREZEELET,

To maintain and expand the international competitiveness of the aerospace industry, the center aims to develop CAE tech-
nology to realize the ideal aircraft structure in the age of composite materials, and CAE technology that seamlessly integrates
aerodynamics, structure, and strength analysis to enable multi-objective optimal design at a high level from the initial design
stage through industry-academia collaborative research.

IHI XSt KE 7 VEZ 7 /N 1—F—VHEITREFRR

IHIX Tohoku University Co-creation Research Center of Ammonia Value Chain for Carbon Neutrality

HIXEIEKRZET7 > EZF/NY 2 —F 1 —HBIMERRIE MRGEL THZBRILKFR (CO) ZHHHE LBV ) =2 BIXINF—FETH B
FYEZTF(NH) ZFA LD —AR> = 21— M IIERFRICHT, BED SERE - PR, FIAE TONY 1 —F 1 —UEBHRICH T /-3RE
REBEEHMEBUBRFRORILZEHELET,

The IHI x Tohoku University Co-creation Research Center of Ammonia Value Chain for Carbon Neutrality will explore issues

and create solutions through technology to establish a value chain from production to transportation, storage, and utilization
of ammonia (NH,), a clean energy source that does not emit carbon dioxide (CO,) even when burned, toward the realization of

a carbon-neutral society.

2050FH—AKR> =1 — M ZIUICAT T BERTREI XL F—&F
BODBVBERICENTIF MEL THCOZEHE L BWT T
ZT7IRABICHFDPEE O TVET. TOHREREZINET D
7o RRIFIREAMRZICIIA . BhE - k- ITE R a7 >
TN 2 —F 1 — 22 FORBIRREMRICRBEAET

MRS IH DPIRRFNEEE L TENT D7 EZFN) 2—
FI—UBEICEVWT EILRZE EDOFEMZE. HEHRICKUE
FOERMEREEL . 7V EZTHAR—E> ORI, 7

CEZTMREMEARE. S SICENY 1 —F T2 ROFERE
R EREmELET.

TFUEZFNY 2 —F IV FBEEMEY TS FI—>
2HZIELET. ARERBICNA . TEAEBE BE Y7
U7 IIEEREDZRRDFICH T DEIRF & BEER R,
EE7YETFTH TS F IV ORBEREMRSE S EPHRF
ENTWET,

For carbon neutral by 2050 in Japan, where renewable en-
ergy resources are limited, there are significant expectations
for the use of fuel ammonia, which does not emit CO, when it
is burned. To accelerate the implementation of fuel ammonia
in society, we will search for and solve problems in the entire
ammonia value chain, including producing, transportation, and
storage, in addition to the development of utilization technology
as a fuel.

In the construction of the ammonia value chain, which IHI Cor-
poration is focusing on as a decarbonization project, we will
bring together the wisdom of industry and academia through

67 EILKRZ RARIRT

collaboration research and joint testing with Tohoku University
for the development of combustion technology for ammonia
gas turbines, ammonia-resistant materials, and pioneering new
technology for the entire value chain.

The ammonia value chain encompasses the entire utilization
technology and supply chain. In addition to large-scale pow-
er generation, it is expected to accelerate decarbonization in
diverse sectors such as industrial production, shipping, ports,
and materials, as well as development of international ammonia
supply chains.
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Technical Services Division

RARIEEMAFRMEE. RARZARFOMFHE IC U ELERFORELS KURE. 7 —2UEPR Y N — TV AT LMRSFERE

FOEMXEEITOTVET.

Technical Services Division provides technical support such as development and manufacturing of equipment necessary for
research promotion of IFS, and data processing and network system maintenance.

{EHEEZRIE Planning Information Section
OLEE={#E Planning and Management Group

RAFREEICKT T 2 RMTIBPEMAR DO TOD 0 MAKED
TE-HEETOTVET,
Planning and coordinating technical support for research plans
and project research for technological development.

@ E1—42%yMI—4-4% Computer Network Group
XY NT—=0 2 AT AOBIBERY IV E 21— ZBEFMOX

B2 O TVWET,

Supports network system management and computer-related

technology.

EHAIsEATIE  Measurement Technique Section

@ Tk-F#EEHAR  Fluid/Control Measurement Group
MEBIRROFIEEHARA ORFE S JOFHAKS ORTFEIERPE

BT OFF - MR HE 21T > TULVE T,

Development of control and measurement technology for flow

phenomena, maintenance management of measuring equip-

ment, development of measurement technology, and perfor-

mance evaluation.

QH-IRIF—5tllfk Heat/Energy Measurement Group
B TXINF—REOAEEZDHFEL KOFHAKSEORTER

PR ZTT O TWET,

Develop methods for measuring thermal and energy phenom-

ena, maintenance and management of measuring equipment,

and evaluate performance.

asRFEE

QW IEH#FR Machining Engineer Group

EREBE OREREICERBAMSEOMNL - SHEZ2T o TWL&E T,
Development and design of experimental equipment and pro-
cessing/prototyping of experimental equipment.

Instrument Development Section

OFEZIMIHEHE Precision Processing Engineer Group
EERARERESZOMNL  FRCHAARORFERE HEZ21T 0T

WE7d,

Machining and adjusting experimental precision equipment

and developing, designing and prototyping specimens.

LTI Research Technique Section

QEREHTIER Laboratory Technology Support Group
EERRE DR B D L OT — AMIBCEERIHAT ORI - 57

BRORBER LOEMAFEZITOTVET,

Adjusting and operating experimental equipment, processing

data, developing and evaluating experimental technology, and

developing technology to improve accuracy.

O RBRITE#MTZIEFE Analysis Technical Support Group

EEBRE KO T — X OPJRCIE - BYEVERL D X IB PRI
T DOFF - FHE S SOBER EOFMAEFKET > TVET,
Supports visualization processing of experimental and analysis
data, video creation, development and evaluation of analysis
technology, and technical development of accuracy improve-
ment.

HEFIEAWE Joint Use Section

QHEFEFIAMFE Joint Use Group

SNERF B ORBRM R CRBRRE DB RTEE 1T O TVET,

Provide experimental technical support for external use, as well as operation and maintenance management of experimental equip-

ment.
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VISION2030 and Research Clusters

MARIZIMERTIL. 201 5FICRE L2 VISION2030D 6 & ZNETERR L TE/MERHEIM. BEMFE R Y M -0 2R LT KL
BHFFREDOFERICE T THROMAEIES RARZIFORFMRREEHELEBHL TEE L.

2021 F9R . EFDHBZBRORBLERMZE T A MAMPEIET A5 —ERDOHEL. VISION2030ZHE L & L. #iick
EDaYIiisV T HE EERNOERZHEMIICIT D 2HIC. MRFIRE OSFEMEME /N — T RE- TXVF— 1[5/ -3
01 MEE- i ER(GA 7Y T R) | [FERZE]DARER T T A2—B LURIMOEVOHEREICRYET D DMRF— Ll
SREIERAAY T 4 —A | EHBLTOET.

SR MBI S AR—ENFEBZE LT RETENRUESERICER T 58 LOEWER (MAREBRIE] 281K RALTEVWIET.

The Institute of Fluid Science (IFS) has followed the VISION2030 it adopted in 2015, building on the research, technology, and
international research network it has built up so far, as it works to form a global center for the field of fluid science. This center
will bring together the world’s researchers to push towards solutions for various social issues.

In September 2021, the Institute reviewed its forward direction in light of the tumultuous changes in social conditions in recent
years, and amended its VISION2030. Under this new vision, it has reorganized into four research clusters, which are unique in-
terdisciplinary research groups in the fields of “environment and energy”, “nano-micro”, “health, welfare, and medical cares (life
science)”, and “aerospace”, and the Social Issue Solutions Task Force, a research team to tackle pressing social issues. This
structure will allow the Institute to make organized contributions to society and industry.

From now on, the work of these clusters will form and advance a new academic foundation of integrated flow science, to con-

tribute to the building of a comfortable and affluent society.

Action01 Action 02
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B EiE-IRIVF—TJ5R9—Environment and energy cluster

RRRHTRZRIRL., B IRV F—FRZRIET 2RSSR ZORBZBELE T

COP26[J/ ZAd—%EARE] ICK > TR A HIORE/ LN
RICEFIHERIREE > TRVHET JEHPBERSN.EER)
KA AHEIHEPH e TRV F—ROBIHEDPRERDREE 4D
TWET, ERRSHCERODEEHS D LS ERDPEINEDR
FERAZBRL TV ZDICIE HEREBEREEF I RILF—R
DR BIAPJRERBEP I XL F—EABE. & T F—#

MOBBRDFERBRE. T —VEREBEEHLAODSHOR
TORAZDHDEILERHVEBHDAPIREBR D TNET, Rk
TIRNF =T ZAZ—TlE AEDEBPHRAFERICUETD]
RETTRIF— | OEHPRIKIC DV THEE L EBEM D S5
FREEAT & T LB AR ICH T BIRIE - TRILF—RIEDERRIC
M 7R AV RREHE L FT.

We aim to develop integrated flow science to
energy system

The COP26 “Glasgow Climate Pact” reaffirmed the need for
the entire world to tackle global warming issues with specif-
ic numerical goals, and the need to control greenhouse gas
emissions and create new energy sources have become urgent
issues. In order to solve these urgent issues while maintaining
and improving industrial activities and quality of life, to weave
together the creation of knowledge from entrance to exit are
required, along with an awareness of green growth strategies.
It is essential to secure new sources of energy with low envi-

W)/ 1205 AX9—,Nano-micro cluster

realize a decarbonized society and create a new

ronmental impact, promote the introduction of self-sufficient
renewable energy, further develop energy-saving technologies,
and so on. With the environment and energy cluster, we will re-
think the conversion and creation of energy, which is essential
for human activities and sustainable development, and pro-
mote a wide range of research and development, from basic to
applied technologies, to solve environmental and energy prob-
lems in a wide range of time and space.

T/ RATORT =V THIRT DIRKRZHEAL. H50 27 FOHIMFHAFENDIGAZERE U

SRENFOREZRELEY
EEORPHMORRICEY . F/ -1 IO — L OHE%
BY BHBORE WIEHSTRICRY . E72ZOMTHMOEIEE
e BHMEARESIT DN, TR DR — I TRINT DAL A
LI LW ST TOF/\A ZOBED B 50 9B TRAITH
NTVET, F/ XIS FAR—TREDEI BT/ A

JORT—IOBRR%EA—/S—O2E 1 —ZPKIERERZ T
FRUVV/E RIS KR L RBRIZ DRRD 5 BHERYICTERR
TREMPBOWELZENE L TR ZHELET, £/ledhd
DOIREEMAB LT /A AP IEM 2 % L kAR E
EDHICHIT DB OEE - SHRALICORBEATT,

We aim to build an integrated flow science in which we analyze the phenomena that arise on a
nano-micro scale and apply them to technological development in all fields

Recent developments in science and technology have made
it possible to design and manufacture equipment with nano
and micro-scale structures. Moreover, owing to the increased
precision and miniaturization of the processing technology,
new types of devices which apply functions which arise on
these scales are being built actively in all fields. The purpose of
nano-micro cluster is to analyze such nano-micro scale phe-

nomena using supercomputers and large-scale experimental
facilities, and to build an academic field that comprehensively
understands them from the perspective of fluid science. We will
also develop innovative devices and processing technologies
that utilize these phenomena to improve the function and per-
formance of equipment in various industrial fields.
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Health, welfare and medical cares cluster

RERBAZICKY. EFDERZTVREICEST IENTERIHRZERIRELET
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We aim to realize a healthy and comfortable society through integrated flow science

The social environment is changing drastically due to the rap-
idly aging society and declining birthrate. The creation of ad-
vanced health, welfare, and medical technologies is necessary
in order to realize and keep a healthy, secure, and affluent life.
This cluster aims to construct new theories of integrated fluid
science by clarifying transport phenomena in living organisms
and interaction phenomena between living organisms and
physical stimuli. Specifically, we aim to develop methods for
diagnosis, prediction, measurement, and modeling related to

humans; data-driven prediction and conservation related to the
living environment and health; recovery and addition of human
functions; application to the treatment of stroke and heart dis-
ease through the development of biomodels; prevention, treat-
ment, diagnosis, and prediction related to infectious diseases
and cancer; plasma medicine; and regenerative medicine. We
are also working on the development of protein and cell pro-
cessing technologies.

FHEM

Hat

B FEMZEISAI—.Aerospace cluster

REMBFIRC KLY FHEE-MZEEICEET DRNEZICHIFTDIRRZEEIAL.
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We aim to contribute to the development of the aerospace field by clarifying the phenomena in
the flow field related to spacecrafts and aircrafts through integrated flow science

The development of innovative spacecrafts and aircrafts for the
next generation requires an understanding of a wide variety of
flow fields, including flows in extreme environments such as
high-temperature, high-pressure, cryogenic temperature, and
rarefied atmosphere, multi-phase flow with phase change and
plasmas/combustion flow with chemical reactions, and nano/
micro/macroscale spatiotemporal flow. In addition, the devel-
opment of highly efficient airframes and engines is necessary

RIEKZ SRR LIRS

for green growth strategies to achieve a carbon-neutral interna-
tional society, and the flow fields associated with spacecrafts
and aircrafts must be controlled with high precision. Aerospace
cluster aims to establish an academic field that comprehensive-
ly understands the phenomena from the viewpoint of integrated
flow science, including flow field analysis using wind tunnels
and supercomputers and mathematical and data science ap-
proaches.
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Fluid Science Global Research and Education Hub

MARIEEMFEAIL. 2010FE &V RARES T OLRF A - £REMFEHRR & U TERARICRE S . 2016FE (IS FHR A
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Since April 2010, the Institute of Fluid Science has been acknowledged as the Joint Usage/Research Center, by the Japa-
nese Ministry of Education, Culture, Sports, Science and Technology. In 2016, IFS was approved as the Center “Fluid Science
Global Research and Education Hub”. We have implemented a collaborative research project, in which our staff works with re-
searchers from other organizations. We also communicate research results to society through the holding of the Collaborative

Research Forum as part of the International Symposium hosted by IFS, as well as by the publication of activity reports.

M [[FE)(F=TRICET HEFEEFEICFD] DOREERRAZK,
International Conference on Flow Dynamics (ICFD)

[RE A A F 30 AICEY 2 EESE ICFD (International
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International Conference on Flow Dynamics (ICFD) is held in
Sendai in annual series since 2004. The ICFD is now recog-
nized by world researchers as one of the biggest and most im-
portant international conferences in the field of Flow Dynamics.
The objectives of this conference are to explore new horizons
in science by discussing and exchanging information related to
the most advanced scientific fields in Flow Dynamics. This con-
ference, which is very unique, is composed of plenary lectures
and disciplinary organized sessions including “IFS Collaborative
Research Forum”, “Liaison Office Session” and “Student Ses-

sion” which is organized by students.

The ICFD organizes an International Scientific Committee (ISC)
by researchers from around the world discussing the direction
of further growth of ICFD in the future. It is established as a
global center in the field of Flow Dynamics.

Twenty-first International Conference on Flow Dynamics
(ICFD2024) was held on November 18 - 20, 2024 at Sendai
International Center as a hybrid fashion -both in-person and
online. The number of participants was 758 which were from 24
countries.
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B 2AEHREHF. Collaborative Research Project
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The Institute of Fluid Science (IFS) promotes collaborative re-
search between researchers of institutes both within and out-
side the country and those of IFS on research topics related to
fluid science in Environment and energy, Nano-micro, Health,
welfare and medical cares, Aerospace, and other fundamental
fields utilizing research facilities such as the Low-Turbulence

R REBEFEOIE > —

International Flow Dynamics Webinar

Wind Tunnel Facility, Shock Wave Research Facilities, and In-
tegrated Supercomputation System. Every year IFS holds the
Collaborative Research Forum in the International Symposium
on Advanced Fluid Information (AFl), which it also hosts, in
order to present the results of collaborative research and ex-
change between researchers.

FRIOAOFT VA INAICKY)BEERTPEFT B0, RARERICET 23 LUVVERREE. BRRER. MERROHZ RIS LU TR
ZEERERIZ Y 1 EF—(International Flow Dynamics Webinar) #3256 £, GARZOEBRMLSL A 1BE L £T .

While international exchange is stagnant due to the COVID-19, we will launch an International Flow Dynamics Webinar that
provides the world with a forum for new information dissemination, information exchange, and research exchange on fluid sci-
ence, and promote the establishment of an international hub for fluid science.
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Core-to-Core Program

B ERFLSORIRICAIT =7 2 EZ7 R R ERR AR LR DESE,
Construction of an International Research Exchange Center for Ammonia
Combustion and Materials toward the Realization of a Low-Carbon Society
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To achieve zero-carbon society in the world, we aim to make
the theory and the social implementation of “ammonia combus-
tion technology”, which is one of the important technologies
to achieve the society. In particular, we will construct a new
academic field to evaluate the performance of the equipment
of the ammonia combustion system from the perspectives of
“combustion”, “material” and “property”. To achieve this aim,

researches are accelerated by organizing the international
research network consisting of Japanese team centered on
Tohoku University, French team centered on University of Lyon,
American team centered on University of Washington and Sau-
di Arabian team centered on King Abdullah University of Sci-
ence and Technology.

( Construction of ammonia combustion/material research center )
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Overview of the Core-to-Core Program “Construction of an international research exchange center for ammonia combustion and materials toward the realization of a

low-carbon society”
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International Exchange
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As a center of fluid science research, the Institute of Fluid Science promotes international cooperative efforts. We are con-
tributing to scientific advancements through the utilization of our international network, including liaison offices and other
international foundations, and by actively participating in research exchange and collaborative research with major research
organizations both in-and outside the country. Furthermore, we implement the “Open-Door” policy of Tohoku University and
cultivate researchers and engineers that can exhibit international leadership by sending our faculty and students abroad, and
actively seeking out various talented individuals, both nationally and internationally, to work with us.

B YUIYVVFA T+, Liaison Offices

77> X France
DEPD -
Universite de Lyon

82[E Korea
BRERP M
Korea Advanced Institute of

AY7 Russia
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Moscow State University

KE U.S.A
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Syracuse University

F—ZMZUT Australia
Za—HYYRII—ILIKFE
The University of

Science and Technology New South Wales

Zryr—7> Sweden &7E Taiwan
EIATHKRF E L F5EA AR T
KTH Royal Institute of National Yang Ming
Technology Chiao Tung University
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T
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KTH Royal Institute of Technology
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EAYIEIIRF
Moscow State University
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Syracuse University
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e Koreg Advanced Institute e
Ui e - f /; of Science and Technology
. i D 2 .
Since June, 2015 ;ﬁﬁ, . ISicelDecemberj2003 . BREXRBE (13)
8 =% O
] ™ Department Level Agreements

EBEREAS o [Za-99201-12A% P 8

National Yang Ming Chiao Tung P The University of New South Wales

University Since May, 2002

Since May, 2017 S /‘;7

FAARERRR OERREERR LS
— Ry TLANIVORRHEBEEDH R RIC SR EIRDOMATTEHEE—
-Promoting cutting edge research through collaborative efforts
with the leading research organizations in the world-
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W KERIFRE. University Level Agreements

EE
South Korea

BERIEIE (KAIST)
Korea Advanced Institute of Science and Technology

AR
Sungkyunkwan University

VBRI U HR—IVENL KRS
Singapore National University of Singapore
ESlvassiosy =2
National Central University
7“2/ BE ERFRAZGB RS
Asia Taiwan National Yang Ming Chiao Tung University
EXL A
National Cheng Kung University
TBERF
Tsinghua University
FE FARIBRE
China Xi'an Jiaotong University
EBERE
Shanghai Jiao Tong University
FRER boTTIET AP ANTEYE = =
Middle East Saudi Arabia King Abdullah University of Science and Technology (KAUST)
77UH mr7Uh INRATINTKE
Africa South Africa Univerity of Johannesburg
¥ RZ—K¥
FtF=F F—ARNSYTF The University of Sydney
Oceania Australia Za—YIAT I AKE
The University of New South Wales
SS5F 1 —AKFE
Syracuse University
bk IVAMILKRE

North America

FAUHERE
USA.

Michigan State University

N=F1—KF
Purdue University

I—OvN
Europe

1BU7
Italy

FRUKE
University of NAPLES FEDERICO I

AA X
Switzerland

AA ABHIRAZO—T 2 XK
Ecole Polytechnique Federale de Lausanne

AT —FT>
Sweden

A1 =7 ESTRIKE
KTH Royal Institute of Technology

NAY
Germany

H—IZN—ITIRIAS
Karlsruhe Institute of Technology

T\ IRIAE
University of Technology Aachen

P—IL T2 hKE
Saarland University

NAYIZEFE > X —
Deutsches Zentrum fur Luft- und Raumfahrt e.V.(DLR)

A1y NIREKE
Technical University of Darmstadt

T2 A
France

BN AREBTREAROR(U—IL UV X T4 TR TV MY RNIILAEL Y D)
The Group of Ecoles Centrale(Centrale Lille Institut, Centrale Lyon, Central
Méditerranée, Ecole Centrale de Nantes, Ecole CentraleSupélec)

ENISARER ) 3R
Institute National des Sciences Appliquees de Lyon(INSA-Lyon)

=P N2
Université de Lyon

ENIGERER Y IL—7 (INSA ZIL—7)
Institut National des Sciences Appliquées (Groupe INSA)

72> ABENREFEME > 2 — (CNRS)
French National Centre for Scientific Research

a7
Russia

OS7RIZE7HTI—NY7HE
Siberian Branch of Russian Academy of Sciences

EATTENIKFE
Moscow State University

TREREHAE
Far Eastern Federal University

O 7RISE7HT I —BEZE
Far Eastern Branch, Russian Academy of Sciences(FEB-RAS)
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W ZBERFE. Department Level Agreements

BE[E VKR ZEF R
South Korea Department of Aerospace Engineering, Seoul National University
RERFTEE
Colledge of Engineering, Chang Gung University
7T a% EShvaYz e
Asia Taiwan National Institutes of Applied Research (NIAR)

ENCEEXFE DM TFER
Department of Power Mechanical Engineering, National Tsing Hua University

e alEs| EEETAFHEGTHER
China College of Vehicle Engineering, Chongaing University of Technology

S S5% 2 —ARFEHERE THE

Jbk 7x1)h&zE | College of Engineering and Computer Science, Syracuse University
North America USA. A AT Y
College of Engineering, University of Michigan
A&7 N T AT KEFRET ]
[taly Department of Engineering and Architecture, University of Trieste
Fr1a FIARETHT I —T T AYIEMER
Czech Institute of Plasma Physics, Academy of Sciences of the Czech Republic
INTTa-07—2 NRT I —T T RIVF -5 X — IR Ze AT
. < Institute of Technical Physics and Materials Science, Centre for Energy Research,
E'E_‘:"V N /|)|/ A~ Eotvos Lorand Research Network
urope ungar
P gary > AT AKEERE
Faculty of Medicine, Semmelweis University
ToVA FILT RS
France University of Orléans
R—=T2R oAy 7 IRKE
Poland Wroclaw University of Technology

(2025 F 1251 BER %)
(As of December 1, 2025)

]

Education

RARERERIHT0RDFEPFELE EM160BDREREDNFRE L TOET . RAREMAEFRDOL < DBE D KEIR TEMFRIER

ROBHBEE L TAREREE -FHHABE T o> COET. Tk BRAZMAR. RIEHZMAR ETEMABICOHBABEE L TK
FREBETOTVWET.
About 70 undergraduates and 160 graduate students belong to the Institute of Fluid Science (IFS). Many of our Faculty mem-
bers teach both graduate and undergraduate students through cooperative courses with the Graduate School of Engineering.
We also provide graduate level education through cooperative courses with the Graduate School of Information Sciences, En-
vironmental Studies, and Biomedical Engineering.

B AR PRRME T HSRERE BN RERBED OIS L
IFS Graduate Student Overseas Presentation Promotion Award

RAREMEFRLRERNZICEDSERMARBARE LT, BHRSETERT ORREXBEEROMURZSA DD BEK
MPAAFTITACEEL THFRWISEFRTEDEFAMOBEN  DIEDDEMESHZLTOET.
ZHEL TVWET . COFEICH EDE BLREREOZEDE

Institute of Fluid Science, which is an international research and ter degree students are given the chance and encouraged to
education center in the field of fluid science, is actively involved participate in international conferences in order build up their
in the training of talented young people who can play an active record of practical experience with the support of IFS.

role internationally in the field of fluid science. To this end, mas-
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AR MRS LR ERE BN RRRETOI L
IFS Graduate Student Overseas Presentation Award

T
Year 2019 2020 2021 2022 2023 2024
JEREEL * .
Number of Dispatches 13 0 7 11 9 16

B0 A I ARBIMEDRBEEIEAIC KV RE ISR L TUOVR,
* Due to the spread of the COVID-19 infection, no dispatch has been conducted.

CATSA> T Online

H SRR ER S RSN ERARRE Y9 —BARETOTS L
IFS-GCORE Overseas Study Program

RARSPIEEREMREE > 2—Tlk UIVKRFA(TZVA) -
T RSEUREEMARE (IO TIET) D22 b KE(T
X UD). EILGRZERE(G78). CREATERR (S > HR—I)
EDHRMRZHIET 2 I ISR [HERBRIL | 7 FMER
ELTC RICHSDPBEETDH B TERG AT 2%
BELTVWET. AT7AT T AT SHREDHEME EHET

HEENEFMEEEBMITTET 5 Z &Ik BRREMAE
MEMRFRORBEE - HEMARP 3> MR- UV F T+
AEBUIEBEHET 5 EZBHELTVET ., [ELATHER
BEEBIA 8->y TiRE B L RIIREFEBIRE |
[BEFHEBINREID3DDTOT T LTHERENTNET,

The Global Collaborative Research and Education Center for
Integrated Flow Science (IFS-GCORE) aims to develop a new
engineering field that is truly needed by society based on the
academic foundation of “Integrated Fluid Science” by pro-
moting joint research with University of Lyon (France), King
Abdullah University of Science and Technology:KAUST (Saudi
Arabia), University of Washington (United States), National Yang
Ming Chiao Tung University (Taiwan) and CREATE basis (Sin-

gapore). This program is designed to promote joint education,
joint research and joint laboratory/liaison office activities be-
tween each institute and the Institute of Fluid Science by send-
ing students and young researchers who will carry out joint
research with each institute. This program is consisted of three
components: Internship Program for Master Students, Over-
seas Dispatch Programs for Doctoral Students and for young
researchers, respectively.

AR AR ERS R EEERMERE > 4— B REZOS 5 L,/ IFS-GCORE Overseas Study Program

FE
Yegr 2022 2023 2024
BIRTERRERE BN V2 —> Py TRETOT T 0 12(10) 3(1)
Master's Course Student Overseas Internship Program
BT RAREFEBNRET DT T A
Doctoral Course Student/ Overseas Study Program 4(4) 86 99
EFHEBINETOY T
Young Faculty Overseas Study Program 0O 3O 1

REEERICVWVERERFRFEZEICENARTHT > b,

¥ Dispatch across fiscal years is counted in total number of persons per fiscal year.

¥( IR TADPBULORIBREE.

¥ ()is the number of long-term dispatchers for more than one month within the total number of dispatchers.
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B R— VI BEHBE 0I5 L. Boeing Higher Education Program

XE The Boeing Company @ Grant &=+, BAETHEOFEA
RO MNEERLTHY . 2024-25FEEME O 17
MEgEEEDDLY 7OY 7 MNoaETELTWEY., £/ .5

& Boeing Externship Program& LT+ > & —x v MEHET
Boeing #D#FAiED SHB CHEEZZ (T HROFRZEONE
Bh/RlEE IOV _7OBERZBERLTWET,

With a grant from The Boeing Company, U.S.A., various stu-
dent-led projects are carried out. In 2024-2025, we support
one research project and five development projects. Moreover,
students receive classes in English from technicians of The

H BIRFHAFEREHE

Boeing Company over the Internet, through the Boeing Extern-
ship Program each year. We seek to train gifted scientists and
engineers who will bear the future of the world.

International Space University —Space Studies Program—

AR ERARZ ICE D D ERMEHERRE LT,
HRPITEETEDEFAMBREHEL TOET ., BFMAR30
HED SBE—HROEFMRELZEDP100NEESMT 2 ER

FHAFZSSPIIBEOHE OIS LB L. AMTROEFA
MBROBEMICR D ILHBIER BT TOE T . AR
DEIF 1990F LW L T EHOEEEREL THIFT.

As a base of an international research education, the Institute
of Fluid Science has promoted the development of human
resources by training young people to play an active role in
the world. Approximately 100 leading young researchers and
students from 30 countries around the world participate in the

International Space University’s original educational program,
SSP, which has the same educational concept in line with the
purpose of this research institute to develop young human re-
sources. The Institute of Fluid Science has been dispatching
many students to this program since 1990.

B FHiRS AR EZFIAUCREZRHHE OIS L
Graduate Student Exchange Program based on the Academic Exchange

Agreement
REBPATEHBE. SBBHSABRBE T SAEIROMA
B L BRI MIROREEEAL TVET. A7OIT LM
ZOBSEHTHMROREEERA L TRFANSASREEEAL

THEBZXHET 5 ET. RIRBEEHA L LRERE A
EEEBDIEEBMELTVET,

The university has scientific exchange agreements with other
universities and such agreements between departments. De-
tailed rules of student exchanges have been concluded, which

79 HILKRZ RARIRTA

include the waiver of tuition for exchange students. To help
graduate exchange students meet their living expenses, em-
ployment is also available.



Industry-University Cooperation

RAEKRZIE BZLER. [ARE—ERIPIFRRIIEFEE | OEZZBIF HR MY TLNIVOME-HEZT>TEE L. TR
RELKHRICETT B IS ERRNAOEMBERERBAICHE L . BIRHEREC OEEICK U EAEEERHZHEEL TOET. R
HEMA CREFEEZEER T . ERFEOHRAMAEEDTVET,

Since its founding, Tohoku University's policy has been to put “Research First”, maintain an “Open Door” policy, and focus
on “Practice-Oriented Research and Education”. As a result, our research results have been of great practical benefit to soci-
ety. Moreover, the university has vigorously promoted university-industry technology transfer, and works actively with related
agencies to support industry-university cooperation. The Institute of Fluid Science (IFS) has set up an Industry-University Liai-
son Office to promote industry-related funded research and joint research, and to solicit grants and contributions from private

industry.

RIEKZE SEEIIRBAGERZERY 34 VSIS — L EIRERESEE

RAtRZE BERLGRRBRZER 34> IR M —,
EEERATH A WZERT (AIST) . BB & BT H.0 (TSR
OEBRHEMEICKY HHEE N T D AXDORFEICHR T
THIL&E LT,

SRS ABEHEEERE LT BUEKRIRIF VAT A
TJU=2F )70/ A= N FATA AT =Ry KD —
IRFICH T HEREAEREE . ERMARE RS 2R L. 45
RERRICEMLET,

Joint Laboratory by Tohoku University and National Yang Ming Chiao Tung University, and

International Industry-Academia Collaborations

International joint research by the joint laboratory by Tohoku
University and National Yang Ming Chiao Tung University, the
National Institute of Advanced Industrial Science and Technol-
ogy (AIST), and the Taiwan Semiconductor Research Institute
(TSRI) has delivered a world-first success in developing transis-
tors with a new structure.

In future, we will use this partnership as the basis for develop-
ing international industry-academia collaborations and inter-
national research and education activities in the fields of inde-
pendent hydrogen energy systems, green nanotechnology, and
biomedical sensor networks to contribute to solutions for social
issues.
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7 VEZT7 MR OHEEHT

TEZTIE 2050FH—AR> = 12— M IIUZRAIF/=CO 7 U —
MElE L TEBRRREERCT CEPBFINTNDS, 72EZ
T WRIGEIC I SARIAGEME . Fuel NOX AR IBIRSTIE R EDRED B >
e 2014F D SEFRMICEYRESN/SIP TRILF—F v 1)
F7AY I MBI BMARREICKV ERRICKZ T ES
T KKDRES BIR—FE RIS KD ENOX LD ZER S
FHCRBEFT. THEEFITO7 > EZ 7B PIREME DR S DT
RO ARBAER T SIPT7OY T NOBRRZHKRSE. 7
VEZTHAR—EVCBVWT IR F =P EIIAEOE T
Ay MHPREVNFUEZ T EREDQEEINE L SEMGEEN

ICERES Y DRIAT7 > 7EBEOMZTREFEZ IHI. R
EHBITEEL TWD, BIET7 > EZ 7 ORISR KGER
FHIHE L THREBRICKE WV =0 RRERICBEESRBET Y
BEEPH O/, FI T HRTERETFHRLUBVERGREZS A DT
EICKYRGETF CH7 > EZ 7 EBRGEDOREICHIIL (K1),
EDIRAET BT OEBHREZEH (M 2) DMFTLED TS,
INBIF ARV REBICEWTIREOEMH THEIRAD
AT UERZTRE. T OEZTERICBEZRA T ZOHICR
AIRLEBHFT TH B,

Collaboration Research on Ammonia Combustion

Ammonia is expected to play an important role as a CO,-free
fuel toward carbon neutrality in 2050. Research and develop-
ment in the SIP Energy Carrier Project, which was conducted
for five years from 2014, has achieved stabilization of ammonia
flame by swirling flow, and low NOx emission by Rich-Lean
two-staged combustion. From the project, and the potential of
ammonia combustion, especially in the power generation and
industrial sectors, has been clarified. In collaboration with IHI
and AIST, we are extending the outcome of the SIP project and
conducting R&D on liquid ammonia spray combustion, in which
ammonia is pressurized in liquid form and injected directly into
a high-pressure combustor. Liquid ammonia spray combustion

H1 500 K (CF#shi-mRiEmZRmRICRE LS /ET
ZTEBKE

Fig.1 Pure ammonia spray flame stabilized in a high-swirl air-flow
preheated at 500 K

RIEKZ SRR 2RI

has significant advantages in terms of energy efficiency and
power regulation in ammonia gas turbines. Since the latent
heat of evaporation of liquid ammonia is much higher than that
of hydrocarbon fuels, there has been a problem of a sudden
drop in temperature immediately after evaporation. To solve this
problem, we have succeeded in stabilizing pure ammonia spray
combustion under atmospheric pressure by preheating the
supply air and providing a strong swirl flow (Fig. 1). We are also
studying the spray evaporation behavior of liquid ammonia (Fig.
2). These studies are indispensable for replacing natural gas,
which is the current main fuel for gas turbine power generation,
with ammonia co-firing and single ammonia combustion.

H2 KRETICHIBBET A E=TEBO/NYTZAMNEHR
Fig.2 A back lit image of liquid ammonia spray at atmospheric pressure



A=

Contribution to Society

MEEBSZ/NFEDSRAETEL —MRHRICAR L. X2 RO 2BMICBHTVET, £ RARZICHT 2REmDNEZ

BUT HEPERT DEMEDOHREBIE L TRUVBEATHET,

As a member of the community, we make our research efforts available to a wide spectrum of the general public from elemen-
tary school students to adults. And also, we contribute to society by solving various problems through the world-class fluid

science researches.

HPEREAZF
FNICHIS DR A BESONRO—RHRENHRIC. AADRA S IEEET>TVET,

Open Lecture for Citizens of Miyagi Prefecture
Ever year, four different classes about fuids are taught to about 50 members of the general
public.

AR —ARLF (REEDW)
—BHREHRE LA —7 2%+ >/ SAT. A THEORMRFRO—BE L CRBHICEML T
VET,

Research Facilities Open House (Katahira Festival)
As one of the research facilities in the Katahira area, we always participate in the open campus,
which is targeted at members of the general public.

Ry RSV HEIHRSE
INEREEARBINTOERET > TOET, ZhIERY MRV Y M TRIZLTHS
EHTY.

PET Bottle Rocket School for Kids
We go to elementary and middle schools and give lessons to the children, in which they make
PET bottle rockets and get to launch them.

BAFHIFE (a3 eaHE)
W OF A7 BERRIC, FEPHSEE T — < & LEHBEHEREL TOET, /T521—h
EFIN AT E—RIIEY  RRETTOE LT,

Young Astronauts Club (Sendai Branch)

The members of the branch provide education of space technology and natural science for the
children. The children made parachutes with the members, and they were able to experiment
by using theirs.

gitXZ Windnauts
PEDPRATIR ARG FTIE. BIEE CTEIBU L BB ROEEN CITHhN 2B CEBERLE
EitAFE Windnauts Z R ARIFETIEESE TETEL TVET,

Tohoku University Windnauts
Through the Institute of Fluid Science Fund, etc., we are supporting Tohoku University Wind-
nauts, which was designed, built, and fly the plane by students, and won the competition held
at Lake Biwa in Shiga Prefecture, Japan.

YA IVRATA
DT BEFRIC LERSHEA N MY TYRF A JICHR L. 2R0ODEFRLT
HESEDITAN— 5T NOTHEEFVE L,

Science Day
We participated in Science Day which is the science education event for children, and we pro-
vided children a lecture of hovercraft to experience science of fluid.

Institute of Fluid Science, Tohoku University 82



Activities

BEH-EERUEY

Staffs-Expenses and Building

HERE(202545818)
Number of Full-Time Staffs (May 1, 2025) (81 A)
B T BhEL WERIE  |FHEERSE AR |FHEMRE |EBBE  |BMEE REEKRE |Gt
Professors |Associate |Assistant |Specially |Specially  |Specially |Specially |Administrative| Technical |Limited Total
Professors |Professors |Appointed |Appointed |Appointed |Appointed |Staff Staff Regular
Professor |Associate |Assistant |Research Employee
Professors |Professors |Fellow
19(1) 10(3) 7(0) 1(0) 5(1) 9(6) 8(2) 8(2) 13(0) 10(9) 90(24)
(RN TABTEMEZTRY
¥ Numbers in parenthesis represent the number of females, and are included in the totals
S48 (2025%5818)
Number of Students (May 1, 2025) (BN
SFEAFESE BT 4 | BTeHEE2ES: | B RRER1 T4 | B IRIREES. | BT RERESF. | F5t
B4 M1 M2 D1 D2 D3 Total
39(6) 60(3) 59(2) 17(2) 19(1) 20(1) 214(15)
(RS TR TEMEZTRT
% Numbers in parenthesis represent the number of females, and are included in the totals
5 (2024FE) (B4 BAM)
Expenses (FY2024) (Units : Million yen)
EESERGE HEpER
Operation Grants 1.440 1.224
AEE W& BEmRE SEEMTE HEHFTE TEHEXE w2 b
Personnel Operation Grants-in-Aid Sponsored Joint Research | Sponsored Grants Scholarship
Expenses Expenses for Scientific Research Expenses Project Fund Donations
Research Fund
649 791 234 700 222 28 21 19
NEpEE (8171 5AHM)
Outside Research Grants (Units : Million yen)
% B 2019 2020 2021 2022 2023 2024FE
Category (HFTTEE) (SF2EFE) (SFBEE) (SHAEE) (SF5EE) (SH6EE)
REARE
Scientific research 185 160 216 232 240 234
Contract research 238 366 425 560 477 700
HEREE
g . 1562 117 106 205 291 222
Sponsored Project Fund 34 18 80 27 61 28
Fa\) RS
Other Grants 2 5 16 56 65 21
Sk
Donations 9 13 10 13 23 19
& &t
'?otal 590 679 803 1,093 1,157 1,224
*EERBEZED
=]
Building
I\
Total Building Area 13,167
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Lo

Research Activities

R DL Number of Published Papers

HE 2020 2021 2022 2023 2024
Type (HH2) (HH3EF) (BHAF) (HH5F) (HH6F)
189 171

U SFIaw * (FHEEE)
Original articles *'(English)

grlijgﬁ;)g rtélceéﬁ%;ot#/grg) 9 15 10 6 2
S .2

Er%s%ﬁgti(gﬁft international conferences *2 303 309 329 333 408

r@iﬁg%ﬁiﬁ Japanese conferences = == deis 290 304

Tﬁf;I 732 809 794 818 885

T AT E N BFOH D2 MDD ONEFIUCHEY T 2 IO S L\ 2T, Proceedings HICIBH SN BT S REHRX. >3 —
N/ — N OERE KOBFRN. RRm R EATET , BHDR L Proceedings. /X SBEEE. 7 7 ANT U MR EIRNT .

2 ERAUDFINHICHLTHEDERL,

*T Original articles include papers published in peer-reviewed journals or other journals of equivalent quality, peer-reviewed
articles, short notes, or rapid communications published in proceedings, as well as invited articles and review articles.
Non-peer-reviewed proceedings, articles, summaries of oral presentations and abstracts are excluded.

*2 Excluding any original articles or equivalent included above.

ERREEHZEDEEL Number of International Joint Research

HH 2020 2021 2022 2023 2024
Type SH2EE) DHIBEE) (HHAEE) (HH5EE) DHGEE)
(BRI REFAZT 51 50 x5 x5 x5
Individual collaborative research

NEHFEZE

IFS collaborative research project 60 70 50 51 58
) —&—3y JHER

Discretionary collaborative research project 5 0 S S 2
=

Total 116 122 58 54 60

HEHZDEE Number of Domestic Collaborative Research Projects

IEE 2020 2021 2022 2023 2024
Type (BH2FE) (RFIERE) (BHAERE) (FHISEE) (RHEEE)
80 79

EEZ L OHRME
Research collaborations with private industry *'

ZEEHIEE *2

Funded research*? 36 52 48 48 56
g *°

Donations *® 13 11 13 19 18
1@5”#&@6&% 4 133 91 __ %5 __ %5 __ %5
Individual collaborative research **

ANEHFEIZE

IFS collaborative research project 44 S8 45 35 5
) —&—3y JTHERZE

Discretionary collaborative research project 17 17 18 20 8
=1

Total 308 281 201 202 216

T ETARSEEAFIAZHBEMEEIFRRICE DT, REESH SMEE (HAME) 6 LOMERESEZ T AN TIT o MR,

BT AREEANEIN AL S EMEIIIRESZICE DX MOABEF R/ EHSEN SEXEZ T TIT o/ ME.

O EIASEARICAL M S EFEURERIC LD THE.

4 FEAGIEICEY LA VL TR ESHOIMEEDZ T AND H DD, FdHEBRYGEERESE2D) DHHHEME. AEHFEH K
O == THEMFT ZRL .

AT — AN AEE ICHEVER LA,

*! Research performed in collaboration with researchers from private organizations (collaborative research), or conducted
using funds provided by private organizations, in accordance with the guidelines of Tohoku University governing the
management of joint research.

*2 Research performed under contract with other government agencies or private businesses, in accordance with the
guidelines of Tohoku University governing the management of joint research.

*3 Grants received in accordance with Tohoku University guidelines governing the acceptance of donated funds.

*4 Joint research projects not covered in items 1-3 above, involving the receipt of research funds or use of outside
researchers, or resulting in publication of articles with joint authorship (including proceedings, etc.), excepting for IFS
collaborative research project and Discretionary collaborative research project.

*5 Not calculated due to changes in Tohoku University database specifications.
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25-%E

Awards

‘&= Medals of Honor

Name

R B
Kenichi Nanbu

Bl Z=E

Shigenao Maruyama

ZEZ (FE- %)
Name of Award (Agency/Body)

KERE (BABA)
Purple Ribbon Medal
(Japanese Government)

HKEEwE (BABUT)
Purple Ribbon Medal
(Japanese Government)

HZED B ONERZAERE
The Commendation for Science and Technology by the Minister of Education, Culture, Sports, Science and Technology

Name

AN N 2

Hideaki Kobayashi

Hl =K

Gota Kikugawa

KH (=
Makoto Ohta

A f—

Kenichi Funamoto

TR hw

Yusuke Mukuhira

FF 2t

Takuya Tezuka

i &

BRI

Junnosuke Okajima

IR £R
Yoshiaki Abe

BER B2

Hiroyuki Okuizumi

1= BT
Aiko Yakeno

Il 55k

Akihiro Hayakawa

o] i3
Hitomi Anzai

WA R
Anna Suzuki

BA A

Takuya Mabuchi

85 ALK MARIFATA

8

Name of Award
SERL2OTEE - R FATE (FAFTERFT)
Awards for Science and
Technology
(Research Category), 2017
ES0FE -EFRFEE
The Young Scientists' Award,
2018
SERS1ERE - BIEATE (R ERPT)
Awards for Science and Technology
(Research Category), 2019
ERS1FE - AFRFEE
The Young Scientists' Award,
2019
SH2EE -BAFRIFEEE
The Young Scientists' Award,
2020

SH2EE -MERZIEE
Outstanding Support for
Research Award, 2020

SHSEE -BHFRIFEEE
The Young Scientists' Award,
2021

SHAEE -BFRIEEE
The Young Scientists' Award,
2022

SHAEE -HRZIEE
Outstanding Support for
Research Award, 2022
SHSFEE - BFRFEE

The Young Scientists' Award,
2023

SHOEE HFRFEE
The Young Scientists' Award,
2024

SH7TFEE - BEFRFEE
The Young Scientists' Award,
2025

SHTEE - HFRFEE

The Young Scientists' Award,
2025

SH7TEE-BEFRFEE

The Young Scientists' Award,
2025

ZEANE
Research
RILY Y AR DB IRRERE T 5 > 7 HTEO—%
R EE(\
Derivation of an exact stochastic solution of the Boltzmann
equation and a general solution of the Planck equation

ATHFDB2ENI L FRPFEDOIMICK I AT ORI
724 7F TO—7 DRFE. KFEBRREISH U EERE
KK EF R EF =M aRRE L

Evolution of the field of Thermal Engineering and development
of novel research on such thing as an artificial heart,
cryoprobe, measurement of upwelling velocity of deep
seawater to which natural convection is applied, and so on by
collaborating with researchers in different research fields.

SEXMROME
Research

RIRIRIBSAFIC BT DI EIR RAZEA DAFZR
Investigations of combustion phenomena under extreme
environmental conditions

BN TEMEOD FEEICE D  REmEAEEFIHDZT
Study on control of interfacial heat transport based on
molecular-scale structure of organic surface modification

EREBTE T AR CEEEEROFHAENDSAICEI Y 2%
Development of biomodel and study of application to
mechanical testing of medical devices

TARERZICE D {EREEMEHERFIREOMREBICET DM
Study for clarification of homeostasis mechanisms
based on fluid informatics

N FIFEF DB R IE D FAEREAR S IHIEMTICE T SR
Understanding and controlling the induced seismicity
associated with subsurface resource development

@Eﬁﬁﬂﬁv%ﬁuU?ﬁ&ﬁ;%&ﬁﬁﬁﬁﬁ%«@ﬁ

HRBEANDBZACETURIRR I KB AR E Z OISR O/ME
Study on cooling mechanism of thermal fluid phenomena
with phase change in microchannel and its application
EEMERADOBERIRTT & /= 9 SIBERRITTFEOMR
High-order compressible flow simulations with discrete
conservation properties

fﬁﬁiﬁfﬂ%ﬁt: KB EBRBESELEERIERIADE

ERENE I EIRTT LD 72 ORI EDRAUCEE S S AR5
Near-wall flow study for drag reduction of high-speed
transportation equipment

A—R>Z 31— NZIVICEF TR 7 > | Z 7 OGRS ER
Combustion science study of fuel ammonia towards
carbon neutrality

BRERARIT 27 —& N 7 U mRMASETICE T D%
Study on data-driven high-speed blood flow analysis
for realizing precision medicine

AR EVERFIB D72 DF R EFREHCRE T 215
Research on prediction and design for sustainable
geothermal resource utilization

B TFHEDBEEGEHH & RIS 7 BT IC R ST
Research on the control of polymer phase separation
structures and reactive ion transport

SEFAR

Date of Award

2008.4.29
Apr. 29, 2008

2012.4.29
Apr. 29, 2012

ZHFAA

Date of Award

2017.419
Apr. 19, 2017

2018.4.17
Apr. 17,2018

2019417
Apr. 17, 2019

2019.4.17
Apr. 17, 2019

2020.4.7
Apr. 7, 2020

2020.4.7
Apr. 7, 2020

2021.4.14
Apr. 14, 2021

2022.4.20
Apr. 20, 2022

2022.4.20
Apr. 20, 2022

2023.4.19
Apr. 19, 2023

2024.417
Apr. 17, 2024

2025.4.15
Apr. 15, 2025

2025.4.15
Apr. 15, 2025

2025.4.15
Apr. 15, 2025



ZODftt  Others

Name

IR F5RR
Hideaki Kobayashi

Jean-Yves Cavaillé

NE
Atsuki Komiya

Surblys Donatas

FE thE
Yusuke Mukuhira

ax =
Jun Ishimoto
ax E
Jun Ishimoto
HE B

Yoshikatsu Nakano

&F &
Yutaka Kaneko

PiE 5
Hisayoshi Ito

5

BRI

Junnosuke Okajima

B AR
Anna Suzuki

ZEZ
Name of Award
2022FEBE IR Bt¥ % Gold
Medal
2022 The Bernard Lewis Gold
Medal, The Combustion Institute

SMSFEEINTFAERE
The Foreign Minister's
Commendations for FY 2023

2023FEBAGRFRFME
Scientific Contribution Award
of the Heat Transfer Society
of Japan, 2023

2023FERAGRFSEME
Outstanding Young Researcher
Award of the Heat Transfer
Society of Japan, 2023

2023FEEEDNFEE=AIE
Japanese Society for Rock
Mechanics, Paper Award 2023

2023 Best Paper Award,
ASME Journal of Tribology

2023FERARRERERRE
The Japanese Society for
Multiphase flow, Best Paper
Award 2023

BAWM A SRS (%)

The Japan Society of
Mechanical Engineers, Young
Engineers Award

2024 FENEZRERME
Japan Explosives Society,
Encouragement Award 2024

AFMC (Asian Fluid Machinery
Committee), Young Eengineer
Award

2025FEHAT A >FEx70
T A TEHRYE

Japanese Society for the
Science of Design,

Frontier Paper Award 2025

TUVAUU—2

Press Release

SZEMROME
Research
BEELRRGER KO7 > EZ P IRBED S U 7=/f3T
For brilliant research on high pressure turbulent
premixed flames and ammonia combustion for
decarbonization

BHARE VT2 AEORIEFAMH N OHEED IR
Promotion of scientific and technological cooperation
between Japan and France

BEERBHEEINR A\ BN RICEEEICEI T DM
A study of resonance-driven heat transfer
enhancement in a natural convection boundary layer

DF BRI EDRRE S/ AT —ILEGRERT A DS B
Development of molecular thermo-fluid analysis
methods and their application to the analysis of
nanoscale thermal flow

Laboratory hydraulic shearing of granitic fractures
with surface roughness under stress states of EGS:
Permeability changes and energy balance

Computational fluid-structure interaction analysis of
piston pin multiphase elastohydrodynamic lubrication
with unsteady flow channel variation
VEAETMA — IS E AR IC KDL Z D IR AEIEIR
ROMEHA

Elucidation of elastohydrodynamic lubrication with
phase change phenomena by multiphase

R ERFICAE U D ESURAT & SUAIIED T DAZE
Study on electrohydrodynamic force and gas heating
fields in atmospheric pressure discharge

RCSAZALADYT)—>F/) 7AXZY NAGIXILF—1
T RIADBAEFIEICEE I B RERAVARZE

Experimental study on atomization characteristics of
energetic ionic liquid for green monopropellant of RCS
thruster

AR TN FICH T 2BEELRERE L
For his excellent achievement in fluid machinery

C.S./S—ADIEFTIB/E BRI I F—RIBICED  HhigiH
RAETVU>T —HN@OE - ERERFBZERE LEER
Modeling of community co-creation based on C.S.
Peirce's theory of inquiry and free energy principle —

A case study of local geothermal resource utilization

ZHEFAH
Date of Award

2022.8.11
Aug. 11, 2022

2023.8.22
Aug. 22, 2023

2024.5.30
May 30, 2024

2024.5.30
May 30, 2024

2024.6.14
June 14,
2024

20249.4
Sep. 4, 2024

202495
Sep. 5, 2024

2025.4.24
Apr. 24, 2025

2025.5.29
May 29, 2025

2025.10.2
Oct. 2, 2025

2025.11.8
Nov. 8, 2025

K4 PAZ UL £AR
Name Press Release Date

faIEg £R
Yoshiaki Abe

IR thEd
Yusuke Mukuhira

?wAR AR
Anna Suzuki

B A
Takuya Mabuchi

Bl sk
Akihiro Hayakawa

/NS B Atsuki
Komiya

B A
Takuya Mabuchi
=P B
Hitomi Anzai

TR FheE
Yusuke Mukuhira

RO B EROm A & T 3R B REBIR — AR E Az 2025.1.22
R A RBIICER— Jan. 22. 2025
HEEIERE A AL TEROSHAIC SR ABR CE A1 LV EORRAE NN SRR 202534
DRI 6] - Mar, 4, 2025
o BRI AT S A BT AN B EERRORH OB Y FEELD —& 2025.4.4
ABRDHIES BB DI B — Apr. 4. 2025
DNAF JRF7ZE2 P TH—H—XA NICHFatat | ~EZEP2RrICZRII DN A>T 202558
OrIECEF T~ May 8, 2025
PETED S OB EFEECHRT) —L—Y— THEET 2L ¥ — A I — dozon o

" - == S S A May 21, 2025
TR LT200CKBDEED BBNHH T N F—AEBDZE Y —ESEAAE 0025.7.17
AT XL BIES BRI FE HE— July 17, 2025
PUTETE e & SR ISEE S O A TRE AR ~ 2B 1 42 & 2>/ N\ BOHTHE 202581
BN CHEE R T~ AUg. 1. 2025
BERIAAD [REER | T7L 58% — AT — 4% L To SHaMn S s 55 2025.12.11
BIREIC— Dec. 11, 2025
BB U - SRS ORIRICRY —EA R THERYICTL—+ 0025.12.24
% D B HE I AT D EREH— Dec. 24, 2025
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Activities

EIFHRY

Publications

W $REEReports

MRESRESE o AR RE (AAZE - 55E) %lﬂﬂﬁﬁ'%lﬁ]ﬁﬁ"ﬁmﬁﬁiﬁﬁﬁ%%
Report of Research Activities Reports of the Institute of Fluid Science (Japanese - English) Activity Report, Joint Usage /

Research Center

BERBERICETIEERES RIY REERERTS X7 L (X— /\— FTERE Post Conference Report of ICFD
LR PEa—%) FBMERRBE Report of Technical Services Division

Proceedings of the International Use Reports of Integrated Supercomputatlon

Symposium on Advanced Fluid Information System i.e. Supercomputer

B /Y>> JLwh, Leaflet/Brochure

. MAREM R RS TARRIAR R/ b
ﬁgﬁﬁzg}:ﬁfﬁﬁ é%{é&ztégflé?%:panegg English) Ir;Lstitute of Fluid Science Brochure Ir:stitute of Fluid Science Lyon Center
Guidebook
RRTIHRALE b 5— (A K5 RIEFRBRERRRE o5~ TR LIRS

Advanced Fluid Information Research Center Advanced Flow Experimental Research Center

(Japanese - English) Institute of Fluid Science Fund
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Common Facilities

B RE=E Library

MAERFICE T 2FEE JOICAOMAICBREEFE MDD
INEICBOTVET, EHICKERFEBRLERY NT—T>
AT L(T-ines) ICBINL TLARICE T A EES T OEELR
TN DFRENERILTOET.

This library has an extensive collection of books and journals
that are essential for research on fluid engineering and sci-
ence. Furthermore, it participates in the Tohoku University
Library Information Net-work System (T-lines) and maintains a
critical data bank on fiuid fiow related literature.

B FAEIFERAFMDRTRAR—R
IFS Exhibition Space

W Ti%  Workshop

ARIZIAZTREE LTSS AR ORIS Tdh 2 =R 1FH
RAIDERIL EBRFICRBINE L. RBEW KU RERIZEOE
BHRICEADDIEBREL T TR IRILF— MEFH. 71
THAIVA S/ <A77/ A0—nFR ERLBRENIR
ROEE - AR EITDO L TRELRERZECARF R & Z T
SEELTVWEY, AT
BCEWES N/ RERR
Bz RBMED
SN FHEDELE
NaRE ARAMDM
FTEFD—REEIE-T
WEY,

The Institute of Fluid Science Workshop was established at the
same time as the Institute of High-Speed Mechanics, which
was the forerunner of the present Institute of Fluid Science.
Since its establishment, this workshop has designed and fab-
ricated experimental equipment and test specimens not only
for basic research in fluid science, but also for research and
experiments on fiuid flow phenomena in other fields, such as
energy, aerospace, life sciences, and nano-micro technolo-
gy. This workshop provides essential support to the research
activities of the Institute, and one scientist using experimental
equipment fabricated here has gone on to be named a Person
of Cultural Merit by the Japanese government.

M ;B%03Z/&E, Numachi Library
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IFS ‘XS’ ER
RAKZRARZIH TR
25
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JRIIEER K WIES20% ., IlaZeED 5 JRIIGERE THET257,

20 mins on foot from JR Sendai Station to the Institute of Fluid Sci-
ence, Tohoku University, Katahira, Sendai.
25 mins by train from Sendai Airport to JR Sendai Station.

O1588 ORAFIHEERR

Building No.1 Fluid Control Experiment
oot Building‘ )

Building No.2 @EERIRIGERERIR

.:. Supersonic Combustion

@358 Experiment Building

Building No.3
ORBEAF 352k OERRRRER

. - ow Turbulence Wind
Flow Dynamics Building

Tunnel Building
OFRFRABRAEZ> 2 —

Advance Fluid Information
O=RRERR Research Center Building

High Speed Flow PR
E><g erir’:went Buildin BRI RIS P KRB
P g Interdisciplinary Shock Wave
Research Building

B G EERRAR LR vS 99—
Official Mascot Character of IFS

OPEEPAVLN
Joint Laboratory Building

Vp—Tch
Ryu-tan






RiLKZE FRARIEMEFR

T 980-8577 B RIEamEEXRFI 2-1-1
TEL:022-217-5302 / FAX: 022-217-5311
URL : https://www.ifs.tohoku.ac.jp/jpn/

Institute of Fluid Science, Tohoku University
2-1-1 Katahira Aoba-ku Sendai, 980-8577, Japan
TEL:+81-22-217-5302 / FAX: +81-22-217-5311

URL : https://www.ifs.tohoku.ac.jp/eng/

YouTube

Facebook

s X (I8 Twitter)
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